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THUAT TOAN TiNH CANH SU DUNG CAC TRI PO KHOANG CACH GIA

THEO MA

NGUYEN GIA TRONG, VU VAN TR, PHAM NGOC QUANG
Truong Pai hoc Mo - Dia chat

Tom tit: Moi mdy thu GPS déu cé kha nang cung cdp mét sé logi tri do khdc nhau nhie tri
do khodng cdch gia theo md, tri do khodng cdch gid theo pha séng tdi... Mt sé bdi todn
dinh vi trong cong ngh¢ GPS (hay GNSS) thuong duwoc ldy tén theo tén ciia logi tri do twong
itng dwoc sir dung dé gidi bai toan dé. Bai bdo gidi thiéu hé thong cong thirc va két qua tinh
canh (Baseline) tir cic tri do khoang cdch gia theo md C/A dwoce do bang may Hiper Ga, Gb
da dwoc chuyén doi vé dir liéu dinh dang RINEX. Két qud tinh todn diroc so sanh véi két qua
xir Iy canh siz dung phan mém GPSurvey 2.35 1a mét phan mém dwoc cong nhdn ¢ Viét
Nam. Qua két qua so sanh cho thdy, dg léch cac thanh phan toa dg tinh duoc ¢ ddy léch vai
cm so vai loi giai fixed (cé dinh) khi tinh bang phan mém GPSurvey 2.35. Qua day cac tac
gid ciing kién nghj vé viéc nghién cizu viéc tinh canh siz dung cac tri do pha séng tdi gop

phan lam chu cdng nghé ¢ Viét Nam.

1. Thuét toan tinh canh tir cac tri do khoang
cach gia theo ma )

Khoang cach gia theo ma tir v¢ tinh i dén
may thu K cé thé biéu dién bang cong thirc sau
me

Py =py +¢d, -cd' +1, +T, ey : 1)
trong d6: .

C - van toc truyén soéng anh sang trong moi
truong chan khong, ¢ =299792458m/s;

Sk - sai s6 dong hd may thu K;

8' - sai sb dong ho cua vé tinh i;

I, - sais6 do anh huéng cua ting dién ly;

T, - sai s6 do anh huong ctia tang dbi luu;

P - khoang cach hinh hoc giita vé tinh i vé6i
may thu K;

e - tong hop anh huéng do sai s6 ngiu
nhién va hiéu ing da duong dan;

P, - tri do khoang cach gia theo ma (ldy tir
tép thong tin tri do).
Vi pl=|(X X, HY' Y HZZ, ) ()

X, Yl Z -
tinh i; ‘

7 Xk, Yk, Zk - cac thanh phan toa do cua

diém quan sat trong h¢ toa 40 WGS-84.

cac thanh phan toa do cua vé

76

Vao mot thoi diém nao d6 c6 hai may thu A
va B cung thu tin hiéu cta vé tinh j, k bét ky, sir
dung cong thirc (1) c6 thé biéu dién khoang
cach gia theo ma tir v¢ tinh t61 hai may thu nhu
sau.

D6i v6i may thu A:

Plopltes, LTI @
PX=pX +cd, -cd  +1K+TS+eX | (4)
D61 véi may thu B:

RL=pl redcd 1L T e ®
PA=p&+cd,-cO  +IE+TE +ef | (6)

Céc ki hiéu trong cong thic (3) dén cong
thire (6) twong ty nhu trong cong thire (1).

Trong tinh canh, de lam gidam anh hudng
ciia mot sd nguon sai s6 chung, thong thudng
chon cach 14y sai phan bac 2. Tir cac cong thirc
(3), (4), (5) va (6) lay sai phan bac hai cta cac
khoang cich gia tir may thu A, B dén vé tinh j,
k dugc phuong trinh sai phan bac hai nhu sau:
PJB pAB Pas (plé'p,kfx)'(PJB‘pL)+I Tjk +e,JAkB: )

D¢ dua tri do lay duoc tir phuong trinh sai
phan noi trén vao phuong trinh dinh vi, Can phai
tinh anh huong cua cac nguon sai sb, van dé
nay duoc trinh bay trong [2], [3] va [5].

Phuong trinh (7) 1a phuong trinh phi tuyén,
dé giai duoc phuong trinh trén theo nguyén ly



s6 binh phwong nho nhit can khai trién thanh
phuong trinh tuyén tinh. Mubn nhu vay, cin
phai c6 duogc toa do gﬁn ding cua cac diém dat
may thu A, B 1a (Xao, Yao, Zao) va (Xgo, Ygo,
Zgo). Céac gia tri toa do gan dung noi trén cd
dugc thong qua giai bai toan dinh vi tuyét dbi
[4].

Dé co thé khai trién tuyén tinh phuong
trinh (7), ta bat dau tir viéc khai trién tuyén tinh
tung khoang cach gia theo ma theo phuong
trinh sau:

PjA :p(j)A +a£<dXA +a{(dYA +ajZdZA ) (8)
Trong cong thtrc (8):

al _(8ij] __Xj'XAo
R Y
A Jo Pao

al :(anA ] :_Yj'_YAo
N )y Pao
ajz :[aij J __ Zj'ZAo
Ly ), Pao
Cén lyu y rﬁng, khi tinh canh, cén phai coi
toa do cﬁa, mot diém dau canh da biét tru‘('rc co
nghia la s6 hiéu chinh vao cac thanh phan toa
do cua nod déu bang 0. Trong phuong trinh (7),
gia sur toa do cua diem A da biét trude cd nghia
la dXa = dYa = dZa = 0. Phuong trinh (7) ¢
dang tuyén tinh co6 thé biéu dién nhu sau:
Vo =aknelXe +aledYetagedZeH . (9)

Trong phuong trinh sai phan bao gio
cling phai chon 1 v¢ tinh lam v¢ tinh tham khao
(léy cac tri do cua cac v¢€ tinh con lai trir di tri
do cta vé tinh tham khao) nén néu tai mot thoi
diém nao d6 may thu quan sat dugc n vé tinh thi
chi 1ap dugc (n-1) phuong trinh sai phan c6
dang (9). Trong phuong trinh (9) ¢6 3 an s6 la
sd hiéu chinh vao cac thanh phan toa do cua
diém B nén dé giai duoc (9) hai mdy thu can
quan sat toi thiéu 4 vé tinh chung va hoan toan
c6 thé giai duoc phwong trinh trén khi c¢6 1 tap
hop tri do trong 1 thoi diém (epoch) néu s
lugng vé tinh quan sat dugc 16n hon 4.

Néu vao thoi gian quan sat, hai may thu thu
dugc sb luong vé tinh chung n>4 ta co thé lap
hé phuong trinh sai phan ¢ dang ma tran nhu
sau.

V=AX+L , (10)

_ Trong phuong trinh (10) da coi trong s6 cua

tat ca cac sai phan bac 2 1a nhu nhau. Trong do
ta co:

v I
p}AZB 12 12 12 plAzB
\V; a'XAB aYAB a'ZAB I
v=| P AS| L L L L] e
n 1n n
v a'XAB aYAB a'ZAB I
L pl#CB L Pl i
va co thé giai duoc nghiém
X=-(ATAATL , (11)

Sai s trung phuong trong sé don vi dugc
tinh theo cong thuc:

[
D)3

trong do: n - s6 luong vé tinh chung ma hai may
thu quan sat dugc.
2. Gioi thiéu vé sb lieu va két qua thuc
nghiém
2.1 Gidi thigu vé sé ligu thuc nghiém

S6 liéu ding trong bai bdo nay duoc do
bang 2 may Hiper Ga,Gb trong ngay 17 thang 9
nam 2010 tai mé than Coc Sau thudc tinh
Quéang Ninh. My dung dé do dac 1a loai may
hai tan s6 do hing Topcon (Nhat Ban) ché tao.
Trong bai bio nay tién hanh tinh toan thuc
nghiém cho hai canh v&i chiéu dai lan luot 13
hon 40m va hon 1000m. Sé li¢u sau khi do dac
duoc chuyén sang dinh dang RINEX, & dinh
dang nay, tép ) liéu do c6 7 loai tri do 1a cac tri
do C1, P1, P2, L1, L2, DI, D2. Sau day la mét
doan cua tép tri do ung vdi canh cé chiéu dai
16n hon 40m (Hinh 1).
2.2. Két qud tinh toan thzc nghigm
2.2.1 Két qua tinh toan voi canh co do dai lon
hon 40m

Véi s6 lidu do dac nhu trén, str dung céc tri
do khoang cach gia theo ma C1, lay sai phan
bac 2, tién hanh tinh toan theo hé théng cac
cong thire tir (1) dén (12) thu duge két qua cho
trong bang 1. Trong két qua tinh toan, da si
dung toa d§ cua céac diém do cho trong phén
tiéu dé cua tep tri do (toa d§ nay duogc tinh toan
trong qué trinh chuyén dbi dinh dang s liéu).

(12)
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2.10 OBSERVATION DATA G (GPS) RINEX VERSION / TYPE
Topcon Link 7.1 17-SEP-1021:51 PGM/RUN BY / DATE
build July 25, 2002 (c) Topcon Positioning Systems COMMENT
1A MARKER NAME
MARKER NUMBER
1A -Unknown- OBSERVER / AGENCY
8QLY2GIDRSW -Unknown- -Unknown- REC #/ TYPE / VERS
TPSHIPER_GB -Unknown- ANT #/TYPE
-1773899.7109 5685397.9016 2275207.1287 APPROX POSITION XYZ
1.4837 0.0000 0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
2010 9 17 0 54 50.0000000 GPS TIME OF FIRST OBS
2010 9 17 5 27 55.0000000 GPS TIME OF LAST OBS

5.000 INTERVAL
15 LEAP SECONDS
17 # OF SATELLITES
7 C1L P1L P2 L1 L2 D1 D2 #/ TYPES OF OBSERV
G 1 1596 1590 1589 1596 1589 1596 1589 PRN / # OF OBS
G 3 3228 3218 3218 3228 3218 3228 3218 PRN / # OF OBS
G 6 2745 2735 2735 2745 2735 2745 2735 PRN / # OF OBS
G7 1792 1787 1787 1792 1787 1792 1787 PRN /# OF OBS
G8 764 748 748 764 748 764 748 PRN / # OF OBS
G11 1784 1784 1784 1784 1784 1784 1784 PRN /# OF OBS
G13 2832 2825 2825 2832 2825 2832 2825 PRN /# OF OBS
G14 643 643 643 643 643 643 643 PRN / # OF OBS
G16 2366 2354 2354 2366 2354 2366 2354 PRN / # OF OBS
G17 449 442 442 449 442 449 442 PRN / # OF OBS
G19 3273 3270 3270 3273 3270 3273 3270 PRN / # OF OBS
G20 1965 1957 1957 1965 1957 1965 1957 PRN /# OF OBS
G23 3278 3277 3277 3278 3277 3278 3277 PRN / # OF OBS
G24 2678 2678 2678 2678 2678 2678 2678 PRN /# OF OBS
G28 346 287 287 346 287 346 287 PRN /# OF OBS
G31 1971 1970 1970 1971 1970 1971 1970 PRN /# OF OBS
G32 1690 1688 1688 1690 1688 1690 1688 PRN /# OF OBS
SE TPS 00000000 COMMENT

END OF HEADER
10 917 054 50.0000000 0 8G 1G 3G 6G14G16G23G31G32
22369467.014 22369466.6654 22369469.9994 117552339.837 8 91599233.75446
-521.068 -406.062

23487825.456 123429360.530 7
4619.364

22750209.609 119553164.510 7
3644.282

24511921.231 24511921.4404 24511925.9744 128811023.142 6 100372226.95843
-1472.911  -1147.699

21874252.655 21874253.0624 21874255.6064 114949983.512 8 89571419.68946
399.118 310.988

24730342.203 129958833.593 7
4693.759

24008306.360 24008305.7874 24008309.2164 126164510.873 7 98310012.06343
582.014 453.487

23581324.808 123920707.514 7
200.075

Hinh 1. Mot doan cua tép tri do trng voi canh co chiéu dai 1ém hon 40m



Bang 1. Két qud tinh canh cho timg thoi diém

TT Théi didm Céc hiéu toa dd tinh toan duoc Sai s0 trurA’lg phu’gng
AX (m) AY (m) AZ (m) trong s6 don vi
1 1h 00m 00s -16,5705 6,1737 -36,9722 0,514
2 1h 00m O05s -16,4884 5,4572 -37,1586 0,547
3 1h 00m 10s -16,6498 5,9053 -37,0143 0,679
4 1h 00m 15s -16,1337 55371 -36,9990 0,382
Trung binh -16,3610 5,568 -36,993
Trong bang 1:
D> AX > AY Y AZ
AX = IZlm : AY,= IZlm : AZy= IZlm

v6i m - $6 thoi diém c6 tri do va m = 1368 thoi diém tuwong ung véi thoi gian do x4p xi 2 tiéng.
Dé ¢6 6 lidu so sanh, da tién hanh xtr 1y s6 lidu do noi trén bang phan mém GPSurvey 2.35
cho dang 10i giai 1a L1 fixed. Két qua thu duoc c6 AX =-16,372m; AY =5,576m; AZ=-37,025m.
Gia tri d6 léch cua két qua tinh dugc so v6i két qua tinh bang phan mém GPSurvey 2.35
dugc thé hién trong bang 2.

Bang 2. Gia tri do léch hiéu cdc thanh phdn toa do tinh dwoc so voi phuwong an tinh b(ingphcin mém
GPSurvey 2.35 cho tieng thoi diem

o Do léch hiéu cac thanh phan toa do
TT Thoi diem
dAX (m) SdAY (m) SdAZ (m)
1 1h 00m 00s -0,198 0,598 0,005
2 1h 00m 05s -0,116 -0,119 -0,133
3 1h 00m 10s -0,278 0,329 0,001
4 1h 00m 15s 0,238 -0,003 0,003
Do léch so \t;i(:]lhgla tri trung 0,011 -0,008 0,032

Trong s6 1368 thoi diém da duoc tinh toan thi gia tri do léch 16n nhat 1a thoi diém 4h47m35s

V6i SAX = 5,633m; SAY = 1,093m; SAZ = 6,031m; gia tri do léch tong hop 16n nhat 14 6,031m. Gia
tri 46 léch nho nhat vao thoi diém 3h29m05s véi SAX = 0,021m; SAY = -0,014m; SAZ = 0,028m;
gia tri do léch tong hop nho nhat 1a 0,038m. Két qua thong ké cho thay, cac thoi diém c6 gia tri do
léch tong hop nhé hon 2m chiém 94,43%; cac thoi diém cé gia tri d6 léch tong hop nhé hon 1m
chiém 65,79% va céc thoi diém cd gia tri do léch tong hop nhod hon 0,5m chiém 20,79%.
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2.2.2 Két qua tinh todn véi canh ¢é chiéu dai Ién hon 1000m
Vi cach lam tuong tu nhu trén, c6 két qua tinh toan ing véi trudng hop ndy cho trong céac

bang sau: ) )
Bang 3. Ket qua tinh canh cho tung thoi diem
TT Thei didm Céc hiéu toa dd tinh toan duoc Sai sO trurA’lg phuqng

AX (m) AY (m) AZ (m) trong s6 don vi

1 | 23h 35m 25s -617,6674 342,0663 -783,7133 0,178

2 | 23h 35m 30s -617,6936 342,4157 -783,1788 0,255

3 | 23h 35m 35s -618,4092 343,5847 -782,5348 0,092

4 | 23h 35m 40s -619,2217 344,2262 -782,0809 0,215

Trung binh -617,8969 343,4234 -782,8444

Tuong ty nhu trudng hop trén, & day ciing xac dinh hiéu cac thanh phan toa do sir dung phan

mém GPSurvey 2.35 voi dang loi giai Ly fixed c6 AX =

-617,877m; AY = 343,364m;

AZ = -782,782m. Va ciing tinh duoc d6 léch cac thanh phan toa do cho ting thoi diém cho trong

bang sau:

Bang 4. Gia tri do léch hiéu cdg thd{ah phdn toa do tinh dwoc so voi phwong an tinh bcfng
phan mém GPSurvey 2.35

ez Do léch hiéu cac thanh phan toa do
T Thoi diem SAX (m) SAY (M) 5AZ (M)
1 23h 35m 25s -0,210 1,297 0,931
2 23h 35m 30s -0,183 0,948 0,397
3 23h 35m 35s 0,532 -0,221 -0,247
4 23h 35m 40s 1,344 -0,862 -0,701
b6 léch so vai gid tri trung binh -0,0199 0,0594 -0,0624

Tuong tu nhu truong hop trén, giad tri do
léch 16n nhét 1a thoi diém 1h10m00s véi SAX =
-4,066m; SAY = -1,680m; 6AZ = 4,432m; gié tri
do léch tong hop 16n nhat 1a 6,245m. Gia tri do
léch nho nhat vao thoi diém 0h54m10s véi SAX
= 0,002m; 8AY = -0,010m; 8AZ = 0,032m; gia
tri do léch tong hop nho nhat 1a 0,034m. Két
qua théng ké cho thay, cac thoi diém c6 gié tri
do léch tong hop nho hon 2m chiém 98,32%:;
cac thoi diém co gié tri do léch téng hop nho
hon 1m chiém 73,39% va cac thoi diém c6 gia
tri do léch téng hop nhé hon 0,5m chiém
27,56%.

3. Két luan va kién nghi

- Bai bao di 1am rd hé thong cong thuc va
quy trinh tinh canh st dung céac tri do khoang
cach gia tir tép s6 liéu RINEX.
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- Tir hé thdng cong thirc di co, tién hanh
tinh toan thuc nghiém cho mét sé canh c6 do
dai khéc nhau. Tir cac két qua tinh toan cé thé
thay hé théng cong thirc tinh canh str dung cac
tri do khoang céch gia theo ma la hoan toan ro
rang va co thé ung dung dé tinh toan duoc.

- Két qua tinh canh st dung cac tri do
khoang cach gia theo ma voi hé thdng cong
thirc da trinh bay c6 do léch xap xi 1dm (d6i véi
loi giai fixed) khi chay biang phan mém
GPSurvey 2.35.

- Can tim céach loai trr hoic han ché dén
muc toi thiéu anh huéng cua cac ngudn sai s6
dbi véi cac tri do dé nang cao d6 chinh xé4c cua
bai toan dinh vi.

- Gia tri hiéu toa do xac dinh duwoc khi su
dung céc tri do khoang céch gia theo ma ¢ day



c6 thé ding trong xéc dinh nghiém nguyén (ho
nghiém so6 nguyén da tri) trong giai phuong
trinh dinh vi trong doi pha song tai.
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SUMMARY
The algorithm processing baseline using code measurements

Nguyen Gia Trong, Vu Van Tri, Pham Ngoc Quang
University of Mining and Geology

Each GPS receiver has the ability provide several different types of measurement as pseudo-
range, phase observation ... Some of problem positioned in GPS technology (or GNSS) name is
often taken as the name of correspondent observation are used to solve the problem. The paper
shows the system of formula and the results of GPS baseline based on C/A pseudo-range which
measured by Hiper Ga, Gb receiver has been converted to RINEX data file. Calculation results are
compared with the baseline processing using GPSurvey 2.35 softwave which is recognized in
Vietnam. The result of comparison shows that the diviation of coordinates are a few cm from fixed
solution processed by GPSurvey 2.35 softwave. Through this, the authors propose about research
on processing baseline using phase observation to contribute technology in Vietnam.

HE THONG DAN PUONG QUAN TiNH... (tiép theo trang 84)

SUMMARY
Inertial Navigation System during control orbits of flying body

Hoang Minh Ngoc, Defense Mapping Agency

This paper introduces the principle inertial navigation positioning in orbit control of flying
body and analyze the advantages and disadvantages of the inertial navigation system; based on that
comment here positioning technology is a guide for effective use in defense and security. However,
in order to improve the navigation precision need to integrate with satellite positioning system in
order to overcome the disadvantages of each system.
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