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Tém tit: Bai bao thao luan vé ing dung bd loc Kalman cho nhitng chuyén dong ngiu nhién theo
thoi gian ctia vi tri diém thu GPS. Chuyén dong ctia may thu GPS 1a mot mé hinh trang thai khong
gian voi thoi gian bién dong. M6 hinh trang thai khong gian thuong dugc biéu dién bsi phuong
trinh vi phan tuyén tinh kém nhidu trang. Khi trang thai khong gian bién dong theo thoi gian, no
dugc biéu dién boi cac phuong trinh Riccati, tirc 1a cac phwong trinh vi phan phi tuyén. Nghién
ciru nay dé xuét bo loc Kalman m& rong cac tham ) phu hop véi diéu kién do dac thanh 1ap ban
dd ty 1€ 16n tai Viét Nam hién nay. Toa do diém thu GPS di dong theo thoi gian dugce so sanh voi
gia tri toa do trong mot ca do tinh trude d6 véi do chinh xéc cao, khéng dinh b0 loc Kalman mo
rong cac tham sé phu hop ¢6 thé ude lugng ti wu vi tri diém GPS di dong. Tir d6 giam chi phi dau
tu va tang hiéu qua st dung thiét bi thu GPS thong dung.

Tuwr khoa: Loc Kalman, GPS dong.

1. Tong quan cac két qua nghién ciru vé loc
Kalman

Phuong phap dau tién dinh hinh uéc lugng
t6i uu tir dit liéu c6 nhiu 1a phwong phap binh
phwong nho nhét. Khao sat thudc tinh chung
cta no la Carl Friedrich Gauss (1777-1855) vao
nam 1795, con tinh chit chic chin cua tri do c6
chira sai s6 duoc xac nhan boi Galileo Galilei
(1564-1642). Hau hét nhimng van dé uéc luong
tuyén tinh thi dugc st dung thudng xuyén,
nhung Gauss 13 ngudi ddu tién sir dung bai toan
wdc luong phi tuyén trong toan thién vin
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hoc. Mot trang quan trong trong 1y thuyét xéac
sudt va 1y thuyét vé quy trinh ngiu nhién & thé
ky hai muoi duge danh dau boi tén cua vién sy
han 1d&m Nga Andrei Nikolaievich Kolmogorov
(1903-1987). Tiép theo 1a Norbert Wiener
(1894-1964), ong da sang tao ra ly thuyét du
b4o, 1am mém va loc theo quy trinh Markov.
Do 1a Iy thuyét dau tién vé ude luong tdi uu hé
théng quy trinh ngau nhién. M6 hinh Wiener—
Kolmogorov sir dung mét do phd ning luorng
(the power spectral density-PSD) trong pham vi
tan s6 dé mo ta thudc tinh thong ké cla tién
trinh dong (dynamic). Udc luwong tdi uu
Wiener—Kolmogorov xuét phat tir PSD dé udc
luong tri do bén ngoai hé thong. M6 hinh tién
trinh dong thira nhan thoi gian 1a bat bién.
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Richard S. Bucy la nguoi da nghién ctru cac
phuong trinh vi phan phi tuyén, ciing tuong tu
nhu nhiing nghién cru cua Jacopo Francesco
Riccati (1676-1754), dén nay con goi la
“phuong trinh Riccati”. Trong tu nhién thi mbi
lién h¢ gitta phuong trinh tich phan va phuong
trinh vi phan bao gid ciing bit ddu véi thoi
gian. Mot trong nhitng dic biét cua 1y thuyét
Kalman va Bucy, d6 1a thoi doan (chu ky) dugce
ching minh thong qua phuong trinh Riccati. D6
la 1o1 giai dang tin c@y tham chi néu hé théng
dong la khong on dinh.Nam 1960, R.Kalman
xuit ban bai bao ndi tiéng nhan dé& “A new
approach to linear filtering and prediciton
problems” trong tap chi Journal of Basic
Engineering sb 82, trang 34 dén 45. Nam 1961,
R.Kalman va R.Bucy xuét ban bai bio “New
results in linear filtering and prediction theory”
trong tap chi cung tén sb 85, trang 95 dén 108.
Y tuong cua loc Kalman duoc tmg dung sém
nhit khi 6ng dén thim ngudi ban Stanley F.
Schmidt tai Trung tdm nghién ctru Ames cua
NASA & Mountain View, California. D6 1a vin
dé u6c lugng quy dao va van dé diéu khién hoc
cua du an APOLO, dua tau vii tru lén Mat trang
va dua n6 quay tro lai Trai dat. Schmidt da bo
sung dy du vao loc Kalman cho cac ung dung
phi tuyén va goi d6 14 loc Kalman mé rong.

Loc Kalman [1] dd duoc nhiéu nha khoa
hoc Viét Nam va thé gi6i nghién ctru tmg dung
[2]. Nhiéu tai liéu [3, 4] da gioi thiéu cac tmg
dung cua bd loc. Trong thuc té, cong thure loc
Kalman dugc nhiéu nha khoa hoc dién giai theo
cach hiéu cua minh, nhu Simon Haykin, 2001,
Greg Welch va Gary Bishop, 2001, R. L.
Eubank, 2006, Howard Musoff, 2005,
Mohinder S. Grewalva Angus P. Andrews,
2008. Do vdy, Umg dung loc Kalman la xay
dung nhimg phuong trinh cu thé cho tung dbi
tugng cu thé. Viéc sir dung chung cac dién giai
khoa hoc 1a khong phu hop. Loc Kalman hién
nay duoc nghién ctru rat nhiéu trén thé gidi, cu
thé hoa cho ting du 4n, timg khu vuc va thoi
gian khac nhau. Linh vyc tric dia ban db tng
dung loc Kalman c6 thé xu 1y dit liéu do dac,
boi vi tit ca cac tri do déu tdn tai nhifu ma
chung ta quen goi 12 ham chira sai s6. Lién quan

t6i ting cuong do chinh xac dinh vi diém may
thu tin hiéu GPS, nhiéu nha khoa hoc thé giGi
d3 cong bd cic nghién ctu (M. Elizabeth
Cannon, 1990, Antti Lange, 2003, Heiner
Kuhlmann, 2008, Simon Haykin, 2001, Cankut
D. Ince va Muhammed Sahin, 2000).

Phuong trinh hé thdng loc Kalman roi rac 1a
mot ude luong trang thdi x € R™theo mot quy
trinh bi chi phéi boi phuong trinh vi phén tuyén
tinh ngau nhién sau

X = Fxp—q + Gup—q + Wi ey
Va tri do z € R™tuan theo phuong trinh sau
Zy = ka + 147 (2)

trong do6: x; la vector chi trang thai hé
thong; ma tran F kich thuéc (n x n) trong
phuong trinh vi phan 12 ma tran hé sé cua 4n tai
trang thai trude do (k-1) so vai trang thai hién
thoi k. Ma tran G 1a ma tran h¢ s dau vao dieu
chinh tdy y cta an uE€ R' lién hé véi trang thai
ciia 4n X, trong tric dia thi no biéu thi cac
nguyén nhin giy nén bién d6i hé thdng, anh
hudng t6i quy trinh ngiu nhién cua hé thong.
Ma tran H kich thudc (m X n) trong phuong
trinh tri do 1a ma trdn hé s6 cua tri do zy, wy_4
la nhidu tring hé thong va no duoc biéu dién
nhu mét vector; v, 12 nhidu tring tri do duoc
biéu dién du6i dang vector. Chi sb k chi thoi
diém ciia hé thong va k-1 1a thoi diém trude do.

Phuong trinh (1) phu hgp véi mo hinh van
dong (Dynamic) va khong thé tim thy trong
mo hinh dong (Kinematic) thanh phan Guy— Vi
khong c6 nguyén nhan bién d6i van téc nao
dugc tinh dén trong mé hinh. Ciing khong thé
tim thiy trong mo hinh tinh thanh phan Fx;_,
vi vat thé phan ung ngay ttrc thi v6i nhiing thay
d6i ddu vao.Trong md hinh dong nhit khéng co
nguyén nhan giy bién dong, nén ma tran hé
théng duoc x4c dinh 1a ma tran don vi. Vector
trang thai tu nhién ctia x; 1€ di nhién Ia bién
khong do duoc, con z, 1a gia tri do duoc. Bién
ngiu nhién wj,_; va v, biéu dién nhiéu hé
théng va nhiéu tri do, chung duoc gia thiét 1a
doc 1ap v6i nhau, 1a nhiéu tre“ing va tuan theo
phan phéi chuan, nghia 1a

p(w)~N(0,Q) 3)
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p(w)~N(0,R) (4)

Ta c6 ma tran nhidu hé thong Q lién quan
téi vector nhiéu h¢ thong theo

Q = E[ww’] . (5)

Ma tran nhiéu tri do R ¢ lién hé vai vector
nhiéu tri do vtheo

R =E[w"] , (6)

Néu chiing ta mang nhiing tri do voi chu ky
T, dé dua vao phép loc, thi viéc dau tién la ta
phai tim duogc ma tran co s¢ ¢. Ma trén co s¢
cua hé th(‘§i gian bat bién c6 thé tim dugc tir ma
tran hé thong dong [5, 6] nhu sau:

@)=L (sI-F)7'], (7

¢ ddy, | 1a ma trdn don vi, £7" 1a bién doi
Laplace nghich d4do, F 1a ma tran hé thong
dong.

Co thé chimg minh dugc cac phuong trinh
Riccati bi€u dién Hi€p phuong sai tién nghiém,
Hiép phuong sai hau nghiém va gia tri Hiéu ich
cua cac bude loc Kalman. Phuong trinh Riccati
[3] thé hién Hiéu ich cia b loc nhu sau:

My = &P ®f + Qy, (8)
K, = M HT (HM,HT + R,)7}, 9

491.181 m

W T/8'79E

V1

Hinh 1. So db diém thu GPS tai Vin Quan.

¢ day, P, 1a ma trén hiép phuong sai mo ta
sai s6 trong udc luong trang thai sau khi cép
nhat; M) 1a ma trin hi€p phuong sai mo ta sai
sO trong udc lugng trang thai trudc khi cap
nhat. Ma tran nhiéu roi rac Qy co thé tim duoc
tir ma tran nhiéu lién tuc Q va ma tran co s
theo

Tg
Q0 = fo &(1)Qd" (2)dr. (11)

Pé bat dau phuong trinh Riccati, ta can ma
trén hiép phuong sai ban dau P.

2. M6 hinh va phwong phap ap dung

Thuc nghiém thir nhat,nghién ctru khao sat
trén khu d6 thi Van Quan, Ha Doéng, Ha Noi
ngay 31 thang 10 ndm 2009 véi 3 may thu GPS
loai TRIMBLE 4000 SSi, anten TRM 39105.00
Compact L1/L2 WGP tao thanh mdt tam giac
(Hinh 1). Tai diém CT3, s hiéu may thu:
21000, sb hiéu anten: 104873. Tai diém V1, sb
hiéu may thu: 21001. s6 hiéu anten: 104874.
Tai diém V2, s6 hiéu may thu: 21002, s hiéu
anten: 104875. Dt goc chan troi 10° vi may thu
dit trén mai bang toa nha CT3 cao 21 tang, tan
s6 ldy mau 15 gidy.

Hinh 2. Hé théng dich chuyén anten tai CT3.
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Toa dd hai diém V1 va V2 tao thanh canh
day c6 dinh.Piém CT3 dugc coi 1a diém di
dong phuc vu kiém dinh thuat toan loc Kalman.
Tam giac dugc khoi tao luén c6 canh day on
dinh véi mot dinh di dong theo tan sé thu tin
hiéu GPS. Thoi gian thyc nghiém kéo dai 60
phit. Bit dau tir 7 gio 10 phat két thuc lic 8 gid
30 phut gio Ha Noi. Trong 20 phut dau, anten
may thu & trang thdi 6n dinh. Trong 40 phut
tiép theo, anten may thu dwoc dich chuyén ting
budc vé phia bic (truc toa do X), mbi budc dai
4 mm trén tong quing dudong 80 mm, thoi gian
mdi budc dich chuyén cach nhau 2 phat (hinh
2), khoang thoi gian dich chuyén khoang 1 gidy
va khong anh huong téi két qua uée luong. Ca

do co 243 tri do duoc théng ké mot ph?m trong
bang 1.

Qua trinh vén dong cia thuc nghiém Van
Quan dugc biéu dién trong Hinh 3 voi md hinh
tri do va tri thuc dugc trich xuét trong phan
mém GPSurvey 2.35 (luu ¥ niam 2009 phan
mém nay van hiéu dung).

Cén biét rang, vi tri may thu CT3 dat trén
mai nha bang phing cao 21 tang, kha ning nhan
tin hiéu vé tinh la rat tt, may thu Trimble
4000SSi chuyén dung do chuyén dich dia dong
thé hién trén két qua do va tri thuc chénh léch
rit nho sau khi xtr Iy bang GPSurvey 2.35
(khoang 10 mm).

Bang 1. S6 lidu do Van Quan (hé toa &6 VN2000) trich xuit GPSurey 2.35

No .. DiémthuCT3 Diém thu V 1
Thoi gian

STT X (M) vn2000 Y (m) vn2000 X (m) vn2000 Y (m) vn2000
1 0:20:00 2320017.3697 582070.7406  2320009.4713 581775.7188
2 0:20:15 2320017.3696 582070.7396  2320009.4701 581775.7192
3 0'20"30 2320017.3701 582070.7387  2320009.4697 581775.7182
4 0'20"45 2320017.3717 582070.7376  2320009.4714 581775.7165
5 0'21"00 2320017.3727 582070.7381  2320009.4722 581775.7173
6 021"15 2320017.3714 582070.7375  2320009.4711 581775.7181
7 0'21"30 2320017.3697 582070.7372  2320009.4695 581775.7182
8 0'21"45 2320017.3694 582070.7373  2320009.4687 581775.7178
9 0'22"00 2320017.3689 582070.7364 2320009.4696 581775.7163
2320017.480
2320017.460
2320017.440

a 2320017.420

X 2320017.400
2320017.380
2320017.360
2320017.340

- A NM T O~ v v A v A A NN NN

Thoi doan

Hinh 3. Biéu dién qué trinh thyc nghi€m vaéi tri do va tri thyuc tai Van Quan.
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Thyc nghiém tho hai,muc tiéu 4p dung
phuong phap xur ly sau trong céng tac thu tin
hi€éu GPS dong vdi loai may thu GPS thong
dung, nhung co thé cho ta chét luong vi tri diém
dat do chinh x4c cd xen ti mét, phu hop yéu cau
xdy dung ludi khong ché do vé ty 1¢ 16n, hodc
do v& chi tiét thanh lap ban dd ty 18 1:500.
Nghién ciru duoc tién hanh mot cach can than
cong tac thu tin hiéu GPS tai khu vuc truong
Pai hoc Tai Nguyén va Mo6i truong Ha ndi,
ngay 07 thang 9 nam 2017. Thiét bi thu tin hi¢u
GPS gdém 3 may thu loai tin hiéu mot tan s6
X20 ciia hing Huace — Trung qudc, s6 hiéu cac
may la: 100957, 100961 va 101533. Loai may
X20 twong ddi cii, chi thu dugc duy nhat tin
hi€éu GPS khoang cach gia va GPS pha song tai,
khong thu duoc tin hiéu Glonass va Beidou. Dat
goc chan troi 15° tAn s6 1dy mau 5 gidy.Toa do
hai diém may 957 va 533 tao thanh canh day c6
dinh.Piém may 961 duoc coi 1a diém di dong
phuc vu kiém dinh thuét toan loc Kalman.
Tam giac dugc khdi tao luén c6 canh day on
dinh voi mot dinh di dong theo tan s6 thu tin
hiéu GPS.

Thyc nghiém kéo dai 75 phut, bat dau lic
10 gid 20 phat, gio Ha noi, két thac lac 11 gid
38 phut. Trong 50 phut dau tién, ba may thu &
ché do Tuong ddi — tinh, toa d6 nhan dugc sau
xtr Iy ¢6 d6 chinh xéc tir 1 dén 3 mm va co thé

N
\

*
101533

*

~
wuaﬁ'\

Hinh 4. So db diém thu GPS.

coi 14 chuan dé so sanh véi phuong phap do
dong. Khoang 25 phut cudi, may s6 100961 di
dong theo hai huéng gin vudng goc nhau. D6 1a
do may 100961 dat & ngd ba duong. Qua trinh
do dong may di chuyén theo hai con phd
khoang 18 phut, sau do6 dat tro lai may vao chan
ba chac van giit nguyén trén mdc khoang 7
phut, va két thuc ca do. Luu y khoang thoi gian
7 phut nay dang & ché d6 do dong, nham kiém
chung cac tham s6 cua bo loc Kalman. Pic thu
phd nho, bé ngang phd khoang 5 mét. Mot con
phé c6 nhidu cdy to hai vé dudng, dan tdi tin
hiéu GPS bi mét trong vai phut. Diéu kién vé
tinh va chét lwong may thu rat khiém ton. Hau
hét thoi gian do chi thu duogc tin hi¢u 5 v¢ tinh.
Day gan nhu 14 giéi han cudi cua chat lugng ca
do [7]. Péi vdi ca do tinh thi vira da chat lugng,
nhung véi ca do dong thi chét lugng tin hidu rat
tdi. Hinh 6 trich xudt tir phan mém Compass
Post Process cho thiy may thu 100961 trong
thuc nghiém HUNRE chi nhan duoc tin hi¢u ro
rang cia vé tinh s& 17, 6 va 28 (theo thoi gian
xuit hién). Céc vé tinh sb 30, 19, 2, 3,9, 12, 5
(theo thoi gian xudt hién) cé tin hiéu yéu va
ngit quéang.

Khoéng cach giira cac diém tric dia kha gan
nhau, tir 229 mét dén 280 mét va phan bd nhu
hinh 4. Hinh 5 13 tap tri do va huéng di chuyén
ctia may 100961.

Hinh 5. Tép tri do va huéng di chuyén may 100961.
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Ap dung phan mém RTKLIB [8] tinh gi4 tri
toa d6 (X, Y, Z) trong hé toa do WGS 84, ¢co
thé chuyén sang hé VN2000 cho ting chu ky do
twong ung. Mdi chu ky do duoc cai dat trong
may thu GPS 1a 57, tuong trng v6i mot tri toa
d6 vi tri diém may thu. Téng s6 250 tri do duoc
thong ké mot phan & Bang 2.

79

Xtr 1y dir liéu do bang phan mém Compas
kém theo may. S liéu do Tuong dbi - tinh dat
két qua t6t. Sai s6 vi tri diém thu c6 d6 chinh
Xa€ +3 mm. Ly do la khoang cach gilra cac
diém kha gan nhau (chua dén 300 mét). C6 249
tri do dong thoi gian tir 4:15:00 GPST dén
4:38:15 GPST. Khoang thoi gian tu 4:28:20
GPST dén 4:30:55 GPST may thu mét tin hiéu
do di chuyén trén con phd nho, c6 nhiéu cay
xanh ven duong.

Bang 2. Mot phfin s6 liéu do tai HUNRE (hé toa 0 WGS 84) trich xuit RTKLIB

Thoigian  GPST x-ecef(m) y-ecef(m) z-ecef(m)  Q ns sdx(m) sdy(m) sdz(m) sdxy(m) sdyz(m) sdzx(m) age(s) ratio
07/09/2017 04:15:00 -1617958,7940 5731144,3388 2276355,9307 2 5 1,4031 5,9260 1,5439 -2,6521 2,8410 -1,2986 0.00 0.0
07/09/2017 04:15:05 -1617959,8466 5731145,8137 2276356,4557 2 5 0.9989 4,2176 1,0969 -1,8885 2,0204 -0.9240 0.00 0.0
07/09/2017 04:15:10 -1617960,6835 5731149,0690 2276357,2457 2 5 0.8184 3,4564 0.8975 -1,5480 1,6546 -0.7568 0.00 2.1
07/09/2017 04:15:15 -1617960,3875 5731148,4627 2276356,9508 2 5 0.7105 3,0018 0.7783 -1,3446 1,4360 -0.6569 0.00 1.4
07/09/2017 04:15:20 -1617959,7839 5731145,7973 2276356,2282 2 5 0.6367 2,6912 0.6967 -1,2056 1,2866 -0.5886 0.00 1.3
07/09/2017 04:15:25 -1617959,5958 5731146,9023 2276356,2593 2 5 0.5822 2,4616 0.6364 -1,1028 1,1761 -0.5381 0.00 1.8
07/09/2017 04:15:30 -1617959,4623 5731147,0736 2276356,5076 2 5 0.5397 2,2828 0.5894 -1,0227 1,0900 -0.4987 0.00 2.3
x|

General | Triple-difference | Float | Fix

Obs. Data | Residual emor Chart |

17

30 —

6

28

3:25

10 MinutesfGrid

4:38

Hinh 6. Biéu d6 vé tinh trong thuc nghiém HUNRE.

3. Xir li s6 li¢u véi loc Kalman mé rong
tham s0

Loc Kalman duogc trién khai theo phuwong
phép st dung tich phan Euler va phuong phap
Binh phuong nho nh?it Cac phuong trinh
Riccati nhdm giai quyét vin dé phi tuyén, ning

cao hiéu suét cua b loc va toi wu hoéa sau mdi
bude loc duoc trién khai dudi dang da thtrc. Do
vay, loc Kalman ciing dugc trién khai ¢ dang da
thirc. Ap dung céc két qua tir Cac bang va cong
thirc toan hoc chuédn [6], K¥ thuat 1am tron lién
tuc va du bao [9], chung t6i thuc hién loc
Kalman theo céc bac da thirc.
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bbi voi bac 0, ta cod phuong tri nh ma tran
co sO ban dau nhu sau:
X = X1 + Kie (2 — Bpe—1)- (12)

Ky hiéu: %, udc lugng Kalman tai thoi
doan k; X, _q uoc lugng Kalman thoi doan k-1;
Ky, hi¢éu ich cta udc lugng Kalman bac 0

G106 BIE ]+ e
Xp 0 1llg_4] LK,

Ky hiéu: Ty tan so6 do (khodng cach gitra cac
thoi doan); Ky, hiéu ich Kalman d6i véi vi tri
diém; K3, hi¢u ich Kalman do6i véi véan toc

k

7z —[1 0][

chuyén dong cua diém; X, wéc luong van toc
diém Kalman tai thoi doan k; X, wéc luong gia
tdc diém Kalman tai thoi doan K;Xp_q ubc
lugng van tdc cua diém tai thoi doan k-1.

Do 1éch cua loc bac 1 duge dinh nghia:

Resy = zp—Ry—1 — TyX—1

Bl o1 o572 [Fe]  [Ku
Xl=fo 1 T, |[|%k-1]|+]|Kz
)"C:k 0 0 1 )fC:k_l K3k

Ky higu:x,, Auc’rc luong gia tbc diém Kalmqan
tai thoi doan k; X, _; udc lugng gia toc cﬁa’diém
tai thoi doan k-1; K3, hi¢u ich Kalman doi véi
gia toc chuyén dong cia diém.

Do 1éch cua loc bac 2 duge dinh nghia:
Resy = z—Xx_1 — TsXp_1 — 0.5T2%,_; (15)
Hiéu ich cta loc Kalman bac 2 duogc tinh:

3(3k? — 3k +2)
W kk+ D(k+2)
18(2k—1)
K = ks DR+ DT, a7
60
K = ks D+ D12 (18)

Ma tran hiép phuong sai ban dau P, duoc
udc lugng tuan ty theo budc loc. Chi can thong

k=12,..,n (16)

Zk—[l

(trang thai 1) tai thoi doan k; z;, tri do tai thoi
doan k.

Do Iech cua loc béac 0 dugce dinh nghia:
Resk =Zy — fk—l
Loc bac 1 kém theo van tbc co dang nhu
sau:

| @

Hi€u ich cua loc Kalman béc 1 dugc tinh
theo phuong phép binh phuong nhé nhat dé
quy:

_2Q2k-1) _ 6
W ke + 1) TH T k(k+ DT,
k=12,..,n.

Loc bac 2 kém theo gia toc va van toc co
dang nhu sau:

1 T,
0 0]]o

0.5 721 [*k-1
1 T, ] X—1 (14)
oo 1 |

Xk—1

qua udc luong tir 3 dén 5 tri do dau tién ching
ta s& nhan duoc P, chuan xac. Thay cac tri do
bang s vao cac phuong trinh tir (12) dén (18),
thuc hién trén bang tinh Excel, ta dé dang tinh
duogc céc gia tri X1, X,, ... X243 cua thyc nghiém
Van Quan, va cac gia tri Xq, Xy, ... X249 cta thuc
nghiém HUNRE.

Sau khi thyc hién cac bac loc 0, 1 va 2 cua
da thirc biéu dién loc Kalman. So sanh két qua
gitra tri do, tri thuc va gia tri loc. Ching to6i
nhan thiy loc bac 1 phu hop voi chuyén dong
thue té cua may thu GPS trong do dac ban do.
Két qua loc bac 1 thé hién trén hinh 7 cho thiy
d6 léch giira tri thuc va gia tri loc toi da 1a 4,1
mm, tot hon nhiéu so vé&i tri do sau xir ly
GPSurvey 2.35 (11,4 mm).



DX, Vinh | Tap chi Khoa hoc PHQGHN: Cdic Khoa hoc Trdi ddt va Méi truong, Tdp 34, Sé 2 (2018) 74-85

81

2320017.480

2320017.460

2320017.440

2320017.420

2320017.400

Kalman

2320017.380

2320017.360

2320017.340
- O N OIS MmN o
A A NN TN ON®©ON

100

109
118
127
136
145
154
163
172
181
190
199
208
217
226
235

Hinh 7. Biéu dién loc Kalman tai thuc nghiém Van Quan (VN2000).

Tiép tuc ap dung bo loc Kalman dang da
thitc bac 1 vao thuc nghi€ém thi hai tai
HUNRE. Két qua wdc luong téi wu vi tri diém
do dong bang loc Kalman duoc chi y so sanh
tai 80 tri do cudi, boi vi khoang thoi gian nay
may thu GPS & vi tri 6n dinh nhung dugc tién
hanh do theo phuong phap “dong”. Biéu dién

579530
579520
579510
579500
579490
579480
579470
579460
579450

— N

Measurements
= = = Kalman

Y(m)

két qua loc Kalman trén gia tri toa d6 X va gia
tri toa do Y, gitta tri do va gia tri loc Kalman
(hinh 8 va 9). Ching t4i sir dung 50 phut dau
tién do theo phwong phap Twong ddi Tinh dé
xac dinh gia tri “thuc” cua vi tri diém. So sanh
voi tri do “dong” khong loc va tri sau loc
Kalman s€ cho ta birc tranh toan canh.

e
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Hinh 8. Biéu dién loc Kalman 250 gia tri toa d§ Y tai thuc nghiém HUNRE (VN2000).
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Hinh 9. Biéu dién loc Kalman 250 gia tri toa d¢ X tai thuc nghiém HUNRE (VN2000).

Trong khoang thoi gian 80 chu ky do (7
phat cudi) may 100961 & trang thai tinh. Theo
dd thi 8 va 9, phuwong phap thu GPS dong nhan
duge trj do X va Y c6 bién dong rat 16n, tham
chi hon 10 mét. Ly do c6 sai sb 16n 1a may thu
chat luong thap, hién trudng bi che ldp boi ciy
xanh va nha cao ting. Sir dung bd loc Kalman
cho ta mot udc lwong tdt hon rat nhidu thé hién
o0 bang 3. Gia tri toa d0 X va Y cua ca do
Tuong ddi — Tinh c6 thé léy lam tri thuc dé so

sanh véi gia tri toa do ca do dong sau loc
Kalman. Ching t6i khong thé dua ca 80 tri do
va tri udc luong Kalman vao bai bao vi s€ lam
cho bai bao qua dai, nén chi dua 12 tri do cudi.
Néu tinh trung binh dong thoi két qua 80 tri
thuc va tri loc Kalman, két qua d6 léch la + 3
cm, kha tuong ddng voi két qua 12 tri do cudi.
Pay chi 14 tring hop ngiu nhién. Tt ca s6 liéu
dugc théng ké ddy du trong dé& tai ma sb
13.01.17.0.03 cua HUNRE.

THANH QUA TOA DO PHANG SAU BINH SAT

HE TOA DO PHANG VN2000, ELLIPSOID WGS84

KINH TUYEN TRUC 105°00', MUI CHIEU 3 DO (k=0.9999)

Ca do 50 phut theo phuong phdp Tuong dbi Tinh (HUNRE)

e et
S | TOA DO | SSTP vi tri diem (m) |
|T| TEN |- |-———m - |
|T| DIEM | x (m) | y (m) h(m) | mx | my [ mh | mp |
| = | ========|===========| ==========| ====== | ===== | ===== | ===== | =====|
[ 1] 95712328284.299]1579509.994110.329(0.003|0.003[0.0041]0.004|
2] 96112328352.7831579494.709] 9.927]10.002]0.00310.00310.004 |
| 3] 53312328379.9441579426.390110.000|----~ | —==—= | —==—= | —====

e
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Bang 3. So sanh toa d¢ loc Kalman tri do “dong” véi tri thuc va tri do ciia may thu 100961 (thuc nghiém
HUNRE, ngay 07/9/2017)

Thoidomn  Tridoy  Kamany  lah  Poléeh hen  Dolech
(GPST) (m) (m) vOi tri :’ﬁctr(‘m) TridoX (m)  Kalman X (m) o0 :’ﬁf(‘m)
do (m) ; do (m) ;
4:37:20 AM 579483038 579494921 -11.883 0212 2328352158 2328352.836  -0.678 0.053
4:37:25AM  579482.858 579494.883 -12.025 0.174 2328352241 2328352.841  -0.600  0.058
4:37:30 AM 579484311 579494.843 -10533 0.135 2328352294 2328352.846  -0.551  0.063
4:37:35 AM  579468.946 579494.803 -25.857 0.094 2328350426 2328352820 -2.394 0.037
4:37:40 AM 579473200 579494760 -21.559 0.051 2328351287 2328352.809  -1.522 0.026
4:37:45 AM 579476931 579494714 -17.783 0.005 2328351581 2328352.803 -1.222  0.020
4:37:50 AM 579478486 579494.667 -16.180 -0.042 2328351726 2328352799  -1.073  0.016
4:37:55 AM  579480.542 579494618 -14076 -0.091 2328352058 2328352.800 -0.743  0.018
4:38:00 AM 579481694 579494568 -12.874 -0.141 2328352184 2328352804  -0.620 0.021
4:38:05 AM  579489.981 579494516 -4535 -0.93 2328351951 2328352804  -0.853 0.021
4:33:10 AM  579488.686 579494.464 -5779  -0.245  2328352.004 2328352.806 -0.712  0.023
4:33:15AM  579489.372 579494412 -5.040 -0.297 2328352174 2328352.809  -0.635  0.026
Trung binh -13.177 -0.028 -0.967 0.032

Nghién ctru da tham khao thuc nghiém do
Heiner Kuhlmann va cac dong nghiép tién hanh
[10]. Mic du thoi gian va khoang cach dia 1y rat
xa nhau, cac phuong phép tién hanh ciing khac
nhau, chung t6i nhan théy bd loc Kalman véi
cac tham s6 mé rong chung to sy phi hop véi
thuc trang cong tac do dac ban dd ty 1€ 16n &
Viét Nam.

Nghién ctru cling tién hanh so sanh gia tri
toa d6 X va Y ma phan mém RTKLIB xt 1y véi
gia tri toa do thuc (Bang 4). Luu ¥ ring
RTKLIB ciing ung dung loc Kalman nhung ap
dung cho cac tri do pha séng tai, tri do code va
mo hinh ting ddi luu, ting dién ly & dir liéu dau
vao trude khi xi ly. Hoan toan khac véi phuong
phap ma chung t6i da st dung, ung dung bd loc
Kalman cho gié tri toa do theo thoi gian cua
tién trinh dong, dung voi nguyén 1y udc luong
ma Kalman dit ra d6i v6i mot tién trinh dong
theo cach hiéu cua ching toi.

Béng 4. So sanh gia tri toa d0 RTKLIB véi tri thuc
(thyc nghiém HUNRE, ngay 07/9/2017)

Thoidiém  Léchtoadd Y Léch toa d6 X
(m) (m)
4:37:20 0,4965 0,2672
4:37:25 0,4957 0,4503
4:37:30 0,5055 0,2585
4:37:35 0,4962 0,2632
4:37:40 0,4986 0,2656
4:37:45 0,4987 0,2679
4:37:50 0,4967 0,2618
4:37:55 0,5031 0,4869
4:38:00 0,4966 0,2670
4:38:05 0,4966 0,2657
4:38:10 0,4963 0,2704
4:38:15 0,4989 0,2694
Trung 0,4982 0,2995

binh
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Do léch tir 26 cm dén 50 cm so Véi trj thuc
la mot ude luong t6i wu dang ké cia RTKLIB
khi ma tri do thuc té léch téi 10 m so véi tri
thyc (tir thoi doan 4:37:20 dén 4:38:00). Gia tri
sai s6 trung phuong ctia nhitng so sanh trén Ia:
RMSETKLIE = $0.3227 (m); RMSTKLIB =
+0.5204 (m); RMS§¥man = 40,0332 (m);
RMS{aman = 40,1716 (m).

4. Két luan

Nghién ctru tng da dung bd loc Kalman va
dé xuét loc Kalman M¢ rong Tham s6 thong
qua phuong trinh van tdc cta diém véi hai thuc
nghiém. Thyc nghiém thir nhat nham danh gia
kha nang hoat dong cua bo loc phu hgp trong
diéu kién thu tin hiéu GPS rit tét. Thuc
nghiém thtr hai ing dung thyc tién trong cong
tac do dac ban dd trong diéu kién thu tin hiéu
GPS rét kém.

Thyc nghiém thr nhat cho thiy do6 léch 16n
nhit giita tri sau binh sai v6i tri thyc 1a 11,4
mm. D6 1éch 16n nhét giita tri sau loc K voi tri
thuc l1a 4,1 mm.

Thyc nghiém tht hai cho théy dd 1éch gitra
tri sau binh sai RTKLIB véi tri thue tir 262 mm
dén 505,5 mm. D¢ 1éch giira trj sau loc K véi tri
thuc tr 16 mm dén 297 mm. Do 1éch thuc té
cua tri do so voi tri thuc tdi trén 10 mét khi do
“d6ng” chi ra diéu kién do kém va chit luong
may thu chua tét.

Nhirng nghién ctru bude dau da ung dung
trong cong tac thanh 1ap ban do hoic thu thap
dit liéu thong tin dia 1y ¢ thé giam chi phi va ting
kha ning tin dung may cii ctia don vi san xut.

Lo&i cdm on
Tac gia xin chan thanh cdm on céc sinh vién

DBH5QD9 da nhiét tinh tham gia thuc nghiém.
Bai viét nay 1a két qua thuc hién de tai nghién

ctru khoa hoc cip co s¢ mi s6 13.01.17.0.03
cua Truong Pai hoc Tai nguyén va Moi trudng
Ha Noi, do tac gia cha tri nam 2017 - 2018.
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Apply Kalman Filter to Enhance the Accuracy
of Kinematic GPS Measurements

Dinh Xuan Vinh

Hanoi University for Natural Resources and Environment, 41A Phu Dien, Bac Tu Liem, Hanoi, Vietham

Abstract: The article discusses the Kalman filter application for temporal random motion of the
GPS receiver location. The motion of the GPS receiver is a space state model with time-varying. The
spatial state model is usually represented by linear differential equations with white noise. When the
state of space fluctuates over time, it is represented by Riccati equations, ie nonlinear differential
equations. We proposed extending the Kalman filter with parameters suitable for the measurement
conditions established large scale maps in Vietnam today.Coordinate points of GPS mobile over time
is compared with coordinate values in a case of static measurements previously with high precision,
confirming the Kalman filter extended with parameters suitable to estimate the optimal mobile GPS
receiver location. This reduces the investment cost and increases the efficiency of using a common
GPS receiver.

Key words: Kalman filter, kinematic GPS.



