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Ung dung trong d@n dwomg va cdc thiét bi théng minh clia mobile-mapping
chiém hon 90% cdc ttng dung st dung tin hiéu GNSS trén co sé& str dung
nguyén Iy dinh vi tuyét déi. Bai todn dinh vi tuyét d6i la mot bai todn rdt co
ban trong dinh vi vé tinh. D€ gidi bai todn nay cé thé str dung nguyén ly sé
binh phu'ang nhé nhdt hodc phép loc Kalman. Phu’ang phdp sé binh phwo'ng
nhé nhdt co thé phat huy dwoc wu diém khi glal cdc bai todn cta cdc doi
twong tinh (nhw xt ly s6 lidu lwdi mdt dat hodc s6 liéu do tinh trong GNSS]
Trong khi dé, bai todn dinh vi trong dén a‘u'o'ng la mét bai todn d‘ong V&i cdc
yéu td luén thay déi theo thoi gian. Bai bdo gidi thiéu hé théng cong thitc clia
phép loc Kalman st dang dé gidi bai todn dinh vi tuyét doi khoang cdch gid.
Trén co s& hé thong cong thirc dd dworc lwa chon, cdc tdc gla dd lap chuwong
trinh tinh thurc nghiém glal bai todn dinh vi tuyet doi vai tri do P1 dat do
chinh xdc nhé hon 1.5m vé vi tri mt bang khi sir dung lich vé tinh chmh xdc.
Bén canh dé, tdc gid ciing dd dé xudt dp dung cong thu'c tinh trong s0 bang
cdch wéc Iwang phlro'ng sai do dnh hwéng ctia cac nguon sai sé doi véi gia
tri do theo tiéu chudn cua Uy ban ky thudt vo tuyén cho hang khéng (RTCA).

© 2019 Trwong Pai hoc Mo - bia chat. T4t ca cic quyén dwoc bao dam.

1. Mé dau

(Teunissen, Montenbruck, 2017).
Tl Hinh 1 c6 thé thiy, c6 dén 40,3% nguoi st

Cac hé théng vé tinh dinh vi va din dwong
toan ciu (GNSS) dang tao ra cudc cach mang trong
trién khai cic ng dung thong minh dya trén sy
két hop véi cong nghé thong tin, cong nghé
internet va cac cong nghé khac. Ngoai chirc nang
dinh vi va din duodng, tin hiéu phat di tir cic hé
théng GNSS con dwoc str dung cho nhiéu muc dich
khac nhau. Hinh 1 théng ké ty 1é st dung tin hiéu
cta GNSS phuc vu cac linh vuc khac nhau

“Tdc gid lién hé
E - mail: nguyengiatrong@humg. edu. vn

dung GNSS phuc vu dan dwong (dwong bd, dudng
sat, dwong bién va duwdng hang khong) va 53,2%
nguoi dung GNSS trong Ung dung Mobile -
mapping. V&i thdng ké & trén c6 thé thiy rang, s6
lwgng ngwoi dung str dung phwong phap dinh vi
tuyét déi 16n hon rat nhiéu so véi s6 lwgng nguoi
dung stt dung phwong phép dinh vi twong doi (chu
yé&u dung trong trac dia). Xuat phat tir yéu cau thuc
té néu trén, nhu cau vé nang cao do chinh xac cua
gidi bai toan dinh vi tuyét doi 1a rat can thiét. Pa c6
rat nhiéu nghién ctru trén thé gi¢i nham nang cao
d6 chinh xac giai bai toan dinh vi tuyét doi.
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Hinh 1. Théng ké ty I¢ str dung tin hiéu GNSS trong cdc linh vuec.

Két qua cla cac nghién ciru d6 da dwoc trién
khai 4p dung vao thuc té cho d6 chinh xdc 1 + 2 cm
déi véi dinh vi tuyét doi chinh xac xtr 1y sau (véi s6
liéu do tir 1 + 2 gi®), dd chinh x4c c& 1 + 2 dm dai
v&i dinh vi tuyét d6i chinh xac tirc thoi doi véi may
thu hai tin s6, nho hon 1 m d6i véi dinh vi tuyét
d6i chinh xac cho may thu 1 tan sé va da dwoc trng
dung trong rit nhiéu linh vic khac nhau (Joan,
2012; Teunissen, Montenbruck, 2017).

Puwoc du nhap vao Viét Nam tir nhitng nam
1990 nhung cho dén thoi diém hién tai co ratit cac
cong bd vé cac gidi phap nham nang cao dd chinh
Xac giai bai todn dinh vi tuyét déi noi riéng va xt
1y s6 liéu GNSS ndi chung. M&i chi c6 mét sé it cac
cong b6 nham nang cao dd chinh xAc giai bai toan
dinh vi tuyét d6i nhw hiéu chinh déng bo thoi gian,
hiéu &rng sagnac (Pang Nam Chinh va nnk., 2013),
hiéu chinh dnh hwong cta tang dién ly, ting doi
Iru (Ping Nam Chinh, Nguyén Gia Trong, 2010)
va str dung chi s8 tinh trang vé tinh (Nguyén Gia
Trong, 2017)... Rat it cic cong trinh da cong bd vé
trng dung phép loc Kalman khi giai bai toan dinh
vi stt dung tri do GNSS va chwa c6 cong trinh nao
cong b6 vé ing dung phwong phap wéc lwong
phwong sai theo tiéu chuin cia RTCA dé tinh
trong sd cho cac tri do khi gidi cic bai toan dinh vi
GNSS dong. Bai bao nay gidi thiéu viéc irng dung

phép loc Kalman cling nhw phwong phap tinh
trong s6 bang cach wéc lwong phwong sai clia cac
tri do theo tiéu chuin ciia RTCA.

2. 'ng dung phép loc Kalman trong giai bai
toan dinh vi tuyét doi khoang cach gia

Phwong trinh tri do khoang cach gia theo ma
tlr vé tinh i dén may thu dwgc biéu dién béi cong
thie (1).

Pl =p +cott — cotg + dion + drrop + & (1)

Trong dé: o' la khoang cach hinh hoc gitra vé
tinh t&i may thu; 6tila sai sé dong ho vé tinh thit i;
Otr 1a sai s6 cia ddong ho may thu; don1a s6 hiéu
chinh vao tri do do sai s6 ctia ting dién ly; drrop la
s6 hiéu chinh vao tri do do sai s6 ctia tAng ddi luuy;
€ 1a dnh hwdng ctia cac ngudn sai sé6 khac nhw do
l1éch ang ten may thu, ang ten vé tinh, do 1éch do
phan clrng ciia may thu.

DE c6 thé str dung tri do trong (1) vao gidi bai
toan dinh vi cin phai tinh hiéu chinh dnh hwéng
cla cac ngubn sai sd néu trén.

Tai thoi diém bat ky, néu mdy thu quan sat
dwoc n vé tinh sé 14p dwoc hé phwong trinh s
hiéu chinh theo phwong phép sé binh phwong nhd
nhat nhw (2).
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Va giai nghiém twong (rng cong thirc (4).
X =—(ATPA)1ATPL (4)

DE c6 thé ap dung phép loc Kalman gidi bai
toan & day, phai xuit phat tir cac cong thirc xay
dwng mo hinh da biét theo cong thirc (5), (6).

X = Axk_l + Buk + w4 (5)
Zk = Hx +v (6)

Vi: xi 12 véc to trang thai & thoi diém Kk; xi; 12
véc to trang thai & thoi diém k - 1; A 1a ma tran
chuyén d6i trang thai; ux 1a véc to diéu khién hé
théng; B1a ma tran diéu khién t8i wu; wi- 1a nhiéu
cda hé thong; z la véc to tri do; H 1a ma tran
chuyén ddi cta tri do; v 1a nhiéu quan tric (sai s6
cua tri do); Pxla ma tran trong so tai thoi diém k;
Q la ma tran nhiéu cta hé théng; I1a ma tran don
vi; Zlavéctotri do va Kx1a ma tran tang ich tai thoi
diém k.

Tiép do, viéc gidi nghiém sé dwoc thuc hién
b&i chu trinh Kalman nhw sau:

Bwérc 1: Xac dinh cac gia tri tién nghiém hay
con goi la cap nhat theo thoi gian nhw céng thirc
(7), (8).

xp = Axp_1 + Buy (7)
Py = AP, AT +Q (8)

Bwérc 2: Cap nhat (xac dinh nghiém) cho thoi
diém hién tai nhw cong thirc (9), (10).

Ky = PEHT(HPEHT +R)7! 9
xp = xp + K (Z — Hxz) (10)

Trong d6: R 1a ma trén sai s6 cda tri do duorc
xac dinh nhw céng thirc (12), (13), (14).
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Trong cong thitc (12), o7 1a phuwong sai ctia tri
do thr i tinh dwoc theo tiéu chuidn ciia RTCA. D&
tinh trong sé6 cho cac tri do khi giai bai toan dinh vi
GNSS, cac cong trinh da dwoc cong b bdi cac tac
gia chi str dung phwong phép tinh trong s6 bang
cach str dung ham do6i véi goc cao clia vé tinh va
tham s6 do chinh xac cia may thu. Céng thirc wéc
lwong phuwong sai theo tiéu chudn ctia RTCA (dung
dé tinh trong s6) ma tac gia dé xuat ap dung trong
trueong hop nay nhw sau:

Glz = O%ecv + O%JRA + O%or + O%rop + O'L'Zon (15)

Trong dé: 0%ec, 1a nhidu clia may thu anh
hwéng dén tri do ; 6754 12 gid tri phwong sai tinh
dwoc dwa vao gia tri sai s6 khoang cach déi véi
nguoi st dung dwoc cung cip trong tép lich quang
b4 ; 02,, 1a phwong sai clia toa d6 vé tinh xac dinh
dwoc anh hudng dén tri do ; o%mp la phwong sai
dwoc xac dinh theo s6 hiéu chinh do anh hudng
clia tAng déi lwu déi véi tri do ; 67, 1a phuwong sai
dwoc xac dinh theo s6 hiéu chinh do anh huéng
cla tang dién ly déi véi tri do.

3. Tinh toan thwc nghiém

3.1. Gici thiéu vé s liéu thuc nghiém

S6 liéu thwe nghiém dwoc do bang may thu
GB-1000 ctia hang Topcon (Nhat Ban), GB-1000 la
loai may thu 2 tan s, thu dwoc tin hiéu ca hai hé
théng vé tinh la GPS va Glonass. S6 liéu do dwoc
chuyén vé dinh dang RINEX dé chwong trinh cé
thé doc dwoc. O dinh dang RINEX, tri do thu dwoc
b&i may thu GB-1000 la cac tri do C1, P1, P2, L1,
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L2,D1vaD2.

Dit liéu trén sau d6 dwoc x ly bang phan
mém Bernese phién ban 5.0 véi toa do ctia diém
sau binh sai nhw Bang 1 (Nguyén Gia Trong, va
nnk, 2009).

3.2. Két qua tinh thwc nghiém

Trong phan nay, tién hanh giai bai toan dinh
vi tuyét d6i khoang cich gia theo 3 phwong an:
- Phwong dn 1

Giai bai toan theo phwong phdp s6 binh
phwong nho nhat st dung tri do P1, lich vé tinh
quang ba.

- Phwong dn 2

Giai bai todn theo phwong phap s6 binh
phurong nho nhit st dung tri do P1, lich vé tinh
chinh xac.

- Phwong dn 3

Giai bai toan ap dung phép loc Kalman st
dung tri do P1, lich vé tinh chinh xac.

Trong cac phwong an trén, da tinh hiéu chinh
anh hwéng cia ting d6i lwu theo mé hinh
Saastamoinen; hiéu chinh dnh hwéng cta ting
dién ly theo mo6 hinh Klobuchar; da tinh hiéu chinh
d6 1éch tAm phat tin hiéu va bién thién tAm phat

tin hiéu vé tinh; hiéu chinh d6 1éch tAm pha va bién
thién tam pha ang ten may thu; tinh hiéu chinh
thay do6i khoang cich theo thoi gian st dung cac
tham s6 quy dao vé tinh. Tinh trong sé cho cac tri
do bang cach wdc lwgng phwong sai do anh hudng
cla cic ngubn sai s6 doi vai tri do theo tiéu chuin
ctia RTCA.

Két qua ctia cic phwong an tinh toan lan lwot
dwoc cho trong cac phan sau.

3.3.1. Két qud ctia phwong dn 1

Tl cic thanh phén toa do trong Bang 2, tinh
d6 léch cac thanh phan toa do cta cac thoi diém
nhw trong Bang 3.

dp = @ ¥ de?

Tl cac két qua nhu trong Bang 3, tién hanh
thong ké d6 1éch toa do véi két qua trong Bang 4.

Tién hanh cac budc lam twong tw doi voi
phuong an 2 va phwong an 3.

3.3.2. Két qud ctia phwong dn 2

Ttr dit liéu va két qua & Bang 5, Bang 6, Bang
7 trén c6 thé thay, khi st dung lich vé tinh chinh
x4c, dd chinh xac gidi bai todn dinh vi tuyét ddi cao
hon rat nhiéu thé hién qua s6 phan tram dé léch
toa do diém & mirc 1 va 1,5 m gip khoang 1,5 lan
so voi phwong an dung lich vé tinh quang ba.

Bdng 1. Cdc thanh phdn toa dé diém dwoc xdc dinh bang phdn mém BERNESE,

Tén Thanh phén toa dé
diém X (m) Y (m) Z (m)
-1611206,0777 5731022,2975 2281407,9258
Ha Nbi B Le") H (m)
2105°48,974975” 105°42°9,618317” -10,1855
Bdng 2. Toa dé ctia diém quan sdt tai cdc thoi diém theo phwong dn 1.
TT Thei didm Cac thanh phan toa d6 diém (m)
X Y Z
1 0h00mO00s -1611205.617 | 5731023.983 2281408.120
2 0h00m30s -1611206.033 | 5731025.154 2281408.740
3 0h01mO00s -1611206.691 | 5731026.030 2281408.973
Bdng 3. D) léch cdc thanh phdn toa do ciia diém theo phwong dn 1.
TT | Thoi diém Do 1éch cac thanh phin toa do (m)
dn de dp dH
1 0h00mO00s -0.358 -0.899 0.968 1.467
2 0h00m30s -0.226 -0.816 0.847 2.848
3 0h01mO00s -0.376 -0.420 0.563 3.884
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Bdng 4. Théng ké dé léch toa d diém tinh theo phwong dn 1.

TT | Do léch vé mit bang nhd hon (m) Phin tram do 1éch (%)
1 1 30
2 1,5 56
3 2 78
4 2,5 86
5 3 88
6 3,5 89
7 4 90
8 5 91

Bdng 5. Toa dé ctia diém quan sdt tai cdc thoi diém theo phwong dn 2.

_— Thei didm Cac thanh phan toa d6 diém (m)

X Y Z
1 0h00mO00s -1611205.470 5731023.137 2281407.930
2 0h00m30s -1611206.277 5731025.154 2281408.928
3 0h01mO00s -1611206.386 5731025.281 2281408.674

Bdng 6. D) l1éch cdc thanh phdn toa do ctia diém theo phwong dn 2.

TT | Thoidiém Do 1éch cac thanh phan toa d6 (m)
Dn dp dH
1 0h00mO00s -0.228 -0.812 0.843 0.602
2 0h00m30s -0.074 -0.582 0.586 2.976
3 0h01mO00s -0.366 -0.511 0.628 3.027

Bdng 7. Théng ké d 1éch toa dé diém tinh theo phwong dn 2.

TT Do léch vé mit bang nhé hon (m) Phén tram do 1éch (%)
1 1 53
2 1,5 84
3 2 95
4 2,5 98
5 3 99
6 3,5 100

3.3.3. Két qud ctia phwong dn 3

Tl dit liéu va két qua trong Bang 8, 9, 10 cé
nhan xét nhw sau:

- D0 chinh x4c vi tri m3t bing ting lén rit
nhiéu khi st dung phép loc Kalman thé hién qua
sO phan tram d6 léch toa do6. Pac biét, do léch mat
bang trong treong hop nay nhé hon 1,5 m.

- Do léch dd cao tric dia dwoc gidm di rat
nhiéu tir phwong dn 1 dén phwong an 3 trong 3
thoi diém minh hoa trong cac Bang 3, 6, 9.

4. Thao luan

Bai bo da dé xuit irng dung phép loc Kalman
va phwong phap tinh trong sd bang cich wéc

lwong phwong sai do anh hwdng clia cac nguén sai
s0 theo tiéu chuin ctia RTCA.

Trén co s& cac thuit toan da dé xuit, st dung ngoén
ngit 1ap trinh Visual Studio.NET, cac tac gia da xay
dung chwong trinh tinh thwc nghiém da tinh thuc
nghiém cho s6 liéu do tai mot diém tai Ha N6i. Qua
két qua tinh thuwc nghiém cho thiy hiéu qua cta
thuét toan ma cc tac gia da dé xuat ap dung.

DE& ning cao hon nira dd chinh x4c giai bai
toan dinh vi tuyét déi, trong thoi gian téi can tiép
tuc nghién ctru st dung tri do pha séng tai vao
dinh vi tuyét ddi, giai bai todn PPP va giai bai toan
dinh vi tuyét déi c6 str dung két hop tin hiéu cia
cac hé thong vé tinh khac nhau.
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Bdng 8. Toa dé ctia diém quan sdt tai cdc thoi diém theo phwong dn 3.

T Thér didm Cac thanh phin toa d6 diém (m)

X Y Z
1 0h00mO0O0s -1611205.480 | 5731023.268 | 2281407.917
2 0h00m30s -1611205.239 | 5731023.509 | 2281408.158
3 0h01mO00s -1611205.411 | 5731023.337 | 2281407.986

Bdng 9. D) léch cdc thanh phdn toa do clia diém theo phwong dn 3.

TT | Thoi diém Do 1éch cc thanh phin toa do (m)
dn dp dH
1 0h00mO0O0s -0.287 -0.838 0.886 0.718
2 0h00m30s -0.122 -1.135 1.142 0.960
3 0h01mO00s -0.239 -0.923 0.954 0.787

Bdng 10. Théng ké dé léch toa dé diém tinh theo phwong dn 3.

TT Do 1éch vé mit bang nhé hon

Phin tram do léch

77

1 1m 86
2 1,5m 100
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ABSTRACT

Utilizing Kalman(EKEF) filter to resolve the single point positioning
problem using code peudo-range
Trong Gia Nguyen, Quang Ngoc Pham
Faculty of Geomatics and Land Administration, Hanoi University of Minning and Geology, Vietnam

Currently, more than 90% of navigation and mobile mapping applications uses GNSS signal based on
the single point positioning principle. It is also a basic problem of satellite positioning. To solve it, we can
use the least square principle or Kalman filter method. Least square is a method which has advantages in
solving the static objectives problem (such as adjusting the traditional ground network or GNSS geodetic
network). Nevertheless, navigation is a kinematic problem with many components which always change
over time. This paper introduces the algorithm of Kalman filter which is used to solve the absolute
positioning probem using code pseudo-range. Based on the selected formulation system, the authors
programmed a computer module to solve the single point positioning problem. The experimental results
depict that this computer module can obtain the horizontal accuracy less than 1.5m in case of combining
P1 observations and satellite precise ephemeris. In addition, the authors proposed the use of formula to
compute weighting of observations by estimating variance due to the influence of error sources on
observations, according to the criterias of the Radio Technical Commission for Aeronautics (RTCA).



