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TOM TAT

S6 lidu toa do cia cic diém luéi GNSS
duwoc st dung dé xac dinh cac tham sé cia hoat
dong kién tao nhw vn téc chuyén dich, chuyén
dich theo mUa,... Viéc dau tién cia xir Iy chudi
toa dé diém ludi GNSS 14 logi bé cdc tri di
thwong trong chudi. Théng thwong, di thirong
dwoc phat hién dya trén kinh nghiém truc quan

Ciia nguweoi xir Iy. Do vdy, mat nhiéu thoi gian va
c6 thé nham lan, nhat la déi véi cdc tram do cé
dir liéu lau nam. Bai b&o gidi thiéu mét sé thudt
toan, phwrong phap loai bo tri di thuwong va danh
gid wu - nhuoe diém cua cdc phirong phdp khi
X Iy chudi tri do vi tri GNSS lién tuc.

Tir kh6a: mang heéi GNSS lién tuc, di thiong, chudi vi tri diém GNSS, loc tri dj thiong

1. GIOI THIEU

Hé théng dinh vi vé tinh toan cau (GNSS)
hién duoc sir dung phd bién dé xac dinh su
chuyén dich cua bé mat dit, do chinh xac dat
dugc ¢& +1mm [1]. Xac dinh dich chuyén theo
thoi gian ciia bé mat dat thong qua phan tich
chudi toa do cac tram GNSS lién tuc la cach tiép
can hiéu qua. Cac tham sé vat ly caa hoat dong
kién tao duoc xac dinh dua trén chudi vi tri cac
diém GNSS lién tuc trong thoi gian dai.

Cac mang lugi GNSS lién tuc duoc xay
dung rong réi trén thé gidi, dac biét trén nhiing

khu vuc c6 nhiéu hoat dong dia kién tao nhu
Nhat (mang luéi GEONET), Pai Loan (ludi
qudc gia Pai Loan), Chau Au (mang lugi RGB),
My (PBO),... Cac mang ludi nay co dic diém la
ngay cang nhiéu dit liéu luu trit va pham vi ludi
cang dugc chém day, mé réng.

Thuc té, khi xir Iy chudi vi tri diém GNSS,
ching tdi nhan thay, tat ca cac chudi déu ton tai
cac di thuong (outlier), ching cé gia tri Ion,
khong theo quy luat. Ching c6 thé xuat hién
theo dang don 1¢, ciing co thé xuét hién theo

Trang 43



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol. 19, No.K4- 2016

dang nhém,... Céc di thuong nay do nhiéu
nguyén nhan, trong d6 phd bién 1a do tin hiéu
xau, thiéu di liéu; do phan mém bi 13i tinh toén,
xt ly; do thai tiét (chu yéu do bing tuyét dong
trén an-ten);... Chlng anh hwong rat Ion dén két
qua tinh toan, van toc va cac tham sé khac tir
chudi. Viéc phat hién va loai bo ching 1a diéu
can thiét dau tién khi xtr ly chudi.

Thong thuong, di thuong dwoc phat hién
dua trén kinh nghiém truc quan cua ngudi xu ly.
Do vdy, mat nhiéu thoi gian va c6 thé nham 1an
dan dén mat dir liéu hodc khong loai bo duoc di
thuong, dic biét 1a dbi véi cac tram do GNSS ¢
dix liéu 1au nam.

O Viét Nam, cong tac xay dyng cac mang
lu6i dia dong da va dang duoc trién khai & cac
tinh mién ndi phia Bac, mién Trung - Tay
Nguyén va mién Nam. Mang lué6i nay duoc xay
dung bao gom cac diém tram CORS c6 thu di
liéu lién tyc trong nhiéu nim, gidng nhu cac
mang ludi dia dong khéac trén thé giéi. Do do,
bai bdo cd trién vong trong viéc gidp ich cho
cong tac xir ly sé liéu dia dong tai Viét Nam.

2. CO SO LY THUYET

Théng thudng, dé phat hién cac gia tri di
thuong trong mét chudi dit liéu nao do, phuong
phap kinh dién thuong dwoc sir dung la céac
phuong phép kiém tra thong ké, c6 thé ké t6i
nhu F-test, T-test,... Cac phuong phap nay dya
trén quy luat ton tai cua sai s6 tho trong day két
qua do va str dung cac luat phan phéi dé phat
hién ching. Do dé, cac phuong phap thdng ké
¢6 nhuoc diém 1a chi phat hién duoc céc di
thuong néu chang chiém sb luong it trén tong s6
tri do trong chudi.

Déi véi chudi toa d6 GNSS lién tuc, ching
t6i nhan thay, sé lwong di thuong chiém ty 1&
I6n, dac biét & mot s tram do c6 diéu kién tu
nhién khac nghiét nhu ving ¢ bang tuyét (cac
diém trén day Alps - luéi RENAG), viing ¢6 16p
thuc phu bién ddi 16n theo mua trong nam (ludi

GEONET - Nhat Ban). Déi voi cac mang ludi
nay, phuong phap thong ké toan hoc to ra khong
hiéu qua; do do, can sir dung cic phuong phap
khac hiéu qua hon. Dudi day, ching t6i gidi
thiéu mot sé phuong phap va tng dung thuc
nghiém dé kiém tra kha ning phat hién tri di
thuong trong chudi toa d6 GNSS, cu thé véi mot
vai diém trong mang ludi RENAG - Phap.

2.1 Phuong phap hinh hoc

2.1.1. Phirong phdp thir nhat

Phuong phap nay dua trén su bién dbi cua
cac do léch chuan cua chudi nho (cira sb) trong
chudi Ién vi tri. Hiéu don gian 13, néu trong
chudi nho xuit hién di thuong, thi d6 léch chuéan
cua néd ciing 1a di thuong (hinh 1). T do6 xac
dinh va loai bé toa do di thuwong twong Gng vai
di thuong do léch chuan.
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Hinh 1. Méi lién hé¢ giita tri di thuong va d6 léch
chuan di thuong

Gia sir, c6 chudi toa do lién tuc {x1, X2, ...,
xn}. Dau tién, chia day toa do vi tri diém thanh
nhiéu ctra s6 cua s vi tri ké nhau. Cu thé, cua sb
thir nhat bt dau tir toa do thir nhat téi toa do thu
s, ctra 5O thr hai bat dau tir toa do tht hai t6i toa
d6 thir s+1,... kiéu nay dwoc goi 12 cira sb truot.
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Gia tri RMS (root mean square - do léch chuan)
cta ctra 6 thir i duoc xac dinh nhu sau:

2 (= x)?
ms , = g
s—1
| 1)
Trc— d6: xj la tri do thir j; i 14 s6 thir tu ctia
i | gié tri trung binh & ctra s6 thir i; s
1a kich thuéc cira so.

cua so;

Kich thudc ctra s s ¢o thé duoc lya chon
tdy y, diéu nay phu thudc vao kinh nghiém cia
ngudi st dung, thudng chon s = 7 [3]. Néu mot
ctra sb ¢o di thuong, gia tri rms; cia clra s6 do
cling 1a moét di thuong va viéc phat hién di
thuong 12 hoan toan c6 thé thuc hién dugc (hinh
1). Gia tri rms duoc coi 1a di thudng voi xac
Xuit 1a 96% néu né c6 gia tri 16n hon 3 lan sé
trung vi (median) ctia chudi rms do:

rms; > 3.median(rms) (2)

Nhan xét: Viéc 1ap trinh tinh toan tu dong
1a hoan toan kha thi. Tuy nhién, khi ¢6 nhiéu tri
di thuong ton tai ké nhau (nhiéu hon hai) thi
viéc xtr 1y tré nén phirc tap hon.

2.1.2. Phuong phap thir hai

Phuong phap dua trén sy chénh Iéch gitta
tri di thuong so véi gia tri trung vi trong chudi
nhé (cira s6). Néu cira s6 ton tai di thuong thi
chénh léch cua di thuong véi tri trung vi ctia cura
s6 1a rat 16n. Tir 46 x4ac dinh va loai bo di
thuong.

Tuong ty nhu phuwong phéap thir nhat, chia
chudi dit liéu toa do thanh nhiéu ctra sb cua s vi
tri lién nhau (thuong chon s > 5), ¢ thé ting
giam sao cho hop 1y nhat. Tién hanh tim Kiém
trong timg cira s6 dé xac dinh cac di thuong. S6
luong di thuong nhiéu nhit trong mot cira sd
khéng vuot qua mdt gidi han xac dinh [4] va
duoc xac dinh theo cong thic:

outliermax < (s — 1)/2 3)

(b)

Hinh 3. a) toa d6 ctia chudi & ctra s6 thu i, va b) sy thay ddi gifta hai gia tri pj va pj+1 trong cira s6 i
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Trong d6: s kich ¢& cua cira sb truot, néu s
= 5 thi s6 outliermax khong vuot qua 2, néu s =
7 thi s6 outliermax khong vuot qua 3. Dé xac
dinh va loai bo cic di thuong, thuong sir dung
gia tri giGi han 1a 3c; cach tinh toan duwgc thuc
hién theo nguyén ly sau [4]:
~ {X,- I p(s)—xjl|<3c

—5lp(s)—x; [z 3c ()

i

Trong do: xj 1a tri do thu j; s 1a kich thudce
cua ctra s0; p(s) 1 trung vi cua cta sd; o 1a do
léch chuén; (-) thé hién gi4 tri di thuong da bi
loai bo.

Nhan xét: viéc xac dinh tri di thuong va
loai bo co thé dé& dang dugc thuc hién theo
hudéng tw dong hoa.

2.2 Phwong phap héi quy

Phuwong phap dua trén co s& sit dung ham
hdi quy mé ta chudi dir liéu va xac dinh cac di
thuong khong tuin theo quy luat cia ham mo ta,
tir d6 loai bo chiing khoi chudi dif liéu.

Dbi v6i chudi sb lidu toa do lién tuc {x1,
X2,... , Xxn}. Gia st rang cac xi 1a gia tri roi rac
ctia ham hdi quy don nguyén c6 dang [2]:

Yi=F(X;, 0) + & (5)

Trong d6: Yy 1a dbi twong du dodn; et 12 sai
s6 du doan; f(x:, 0) 1a ham biéu dién sy bién doi
cta Y: theo bién x; & thoi diém t v6i cac tham sb
mo hinh 6.

Khi lwong sb liéu nhiéu hon s6 tham s6 (k)
cia ham hdi quy, ta s& giai phuong hé phuong
trinh trén theo nguyén ly s6 binh phuong nho
nhét va tim duoc cac tham s gan dung ciia ham
F. Tt do, xac dinh dugc do 1éch phan bd cua cac
Vi tri roi rac X; VA gid tri xac suat ciia ham hoi
quy i tai thoi diém i 12 vi. Gi tri ndy c6 thé
duoc xac dinh nhu sau:

vi=lyi-xi|;i=1,23, ...,n) (6)

Néu gia tri vi > t.mo thi gia tri xi & thoi
diém d6 1a mot di thuong. Trong do:

= [0
0 n—k

t 12 gia tri x4c suat, thuong ldy t =2 + 3.

m

Nhén xét: Viéc tmg dung ham hdi quy dé
loai b6 di thuong phuc thude vao lea chon dang
ham hoi quy. Cac mang dia kién tao thuong co
chuyén dong tinh tién, nén sir dung ham tuyén
tinh 1a phu hop.

2.3 Phuong phap loc Kalman

Phuong phap dua trén su chéch léch gitra tri
wdc luong va tri thuc. Néu gia tri chénh léch
vuot qua mdt gidi han xac dinh thi tri thue dugce
xem 1a di thuong va bi loai bo khoi chudi sb liéu
toa do lién tuc. Dudi day, tac gia trinh bay gén
gon thuat toan loc Kalman dang da thirc.

M6 hinh toan hoc cua loc Kalman gdm
phuong trinh trang thai va phuong trinh tri do
[1]:

Xk = Dk X1 + Gk Uk-1 + Wit (7

Zk = Hi Xk + Vk 8

Trong do: xk la vector trang thai thuc cua
hé thdng tai thoi diém tk; Dy 12 ma tran thay doi
trang thai trong thoi gian tir ty t6i t; Gk 1a ma
tran hé s6 didu khién ngoai luc; uk 1a vector
kiém soat; wk 1a nhidu dong thai ¢ thoi diém tiy;
z |1 vector tri do ctia hé théng ¢ thoi diém t; Hk
1& ma tran tri do & thoi diém t; vk 1a nhidu cua
tri do & thoi diém t;

Néu wi Va vk thoa méan dic tinh thong ké:

E(wy) =0, E(vi) =0

COV(Wk ,ij) = Qk 6kj s COV(Vk ,Vj) = Rk 6kj,
Cov(wg,vj)) =0

Trong d6: Qk la ma tran phuong sai nhiéu
dong thai; Ry 12 ma tran phuong sai nhiéu tri do;
3 12 ham s6 Kronecker, thi ¢6 thé dan t6i cong
thire suy rong dan loc Kalman:

{1,k =
6k_] — 0, k # j
Dy bao trang thai:
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Xk/k—lzq)kxk—1+Gkuk+Wk (9)

Dy bdo ma tran hiép phuong sai trang thai:
Pk/k—lzcbkpk—l(ka + Q) (]_0)
U'6e luong trang thai:
ik = ik/k—l + Kk(zk - H kik/k—l) (11)
U6c luong ma tran hiép phuong sai trang
thai:
Po=(-KHIP (12)

Trong d6, Kk la ma tran hiéu ich loc:
Ky = Pk/k—lHkT(HkPk/k—lHkT +Rk)71 (13)
Piéu kién trang thai ban dau 1
Xo = E(Xg) = py, Py =Var (x,) (14)

Tir (11) ta thdy, sau khi tién hanh do hé
thdng zx ¢ thoi diém tk, thi ¢6 thé dung tri do
nay tién hanh tu chinh tri dy bao dé udc luong
trang thai (tri loc) %5 ciia hé thong & thoi diém
ty, 1ap lai nhu vay, suy rong dén dy bao va loc.

biéu quan trong 1a bic loc hodc phuong
trinh co ban (®k) dua vao phai phu hop véi su
thay d6i thuc té cuia dbi twong. Trong bai bao
nay, muc dich cta tac gia 1a sir dung loc Kalman
dé tim tri di thuong, cho nén chi st dung
phuong trinh bac da thirc bac 0.

Néu da thirc tri do 12 mot hang s x = ao,
dao ham cua né # = 0, khéng gian trang thai ma
n6 md ta bang phuong trinh vi phan nhu sau:

T (11) ta c6 phuong trinh Kalman dang da
thire bac 0:

X = Xy + Ko (2 = X pia) (16)

Tai phuong trinh udc lugng trang thai (11),
trwée khi cdp nhat tri do, nén tinh toan chénh
léch giira tri w6c lwgng va tri thuc Ax.

Néw X =2 =Rl > Loy 5 g
thuong, loai bo zx khoéi chudi va coi
£ = £yp_q, tiép tuc qué trinh loc véi tri do tiép
theo. Trong d6, 6 = Ry; thuong lay t =2 = 3.

3. THU'C NGHIEM
3.1 Giéi thiéu

Thuc nghiém cho hai tram CORS trong
mang luéi RENAG - Phap, trong d6, diém
BANN c0 dit ligu tir ddu nam 2006 dén hét nim
2008, va diém MEDI c6 dit liéu tir dau 2002 t6i
hét ndm 2003. Toa do cac diém nau dd duoc
tinh trong hé ITRF va duogc tinh chuyén vé& hé
toa do dia dién chan troi (North, East, Up).

Ghi cht ky hiéu trong cdc hinh cia két qua
xit Iy 56 ligu: Cham mau do6 1a di thuong, chim
mau xanh 12 toa do tin cay trong chudi.

Chudi toa d¢ diém dugc biéu dién & hinh
4a, b theo 3 thanh phan n, e, u. Dbi véi diém
BANN, s6 luong di thuong khong nhiéu va don
gian (hinh 4a). Nguyén nhan la do 15i thiéu dir
liéu cia mot thoi diém, dan téi viée tinh toan sai

y _ toa do.
X = DX (15) 0a dg
& - 1 AN T S O S S 0 e e Y
4 - "
=
e it PR SV
o

a;w

b)

Hinh 4. Di thudng trong chudi toa d6 diém a) BANN va b) MEDI
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Trong chudi dit liéu ctia diém MEDI, co
nhiéu gia tri nghi ngo 1a di thuong (hinh 6b)
du6i dang nhém va trai rong trong chudi (vling
khoanh tron d6). Nguyén nhan 1a do gan diém
MEDI c6 cay cao, lam cho tin hiéu bi anh
hudng xdu & mot vai thoi diém trong nam (khi
lum céy cao, khdng chit bo).

3.2 Két qua tinh toan
3.2.1. Phwong phdp hinh hoc thir nhdt va thir
hai

Céc di thuong trong chudi dir liéu cua diém
BANN déu dugc phat hién ding va tu dong loai
bo (chdm mau do) trong ca 2 phuwong phap, hinh
5a, 6a. Con trong chudi cua diém MEDI,
phuong phap thir nhat chi dugc loai bo mot s6 it
di thuong (chdm mau do), hinh 5b; phuong phap
thir hai d4 loai bo gan hét sau ba lan tinh lip
(cham mau do); tuy nhién, ciing c6 nhiéu gia tri
tin cay trong chudi ciing bi loai bo (hinh 6b).

3.2.2. Phirong phdp hoi quy tuyén tinh

Céc di thuong trong chudi dir liéu cua diém
BANN déu dugc phat hién ding va tu dong loai
bo, dir liéu nam trong ving giira hai duong bién
mau xanh déu |12 gid tri dang tin cdy, hinh 7a. Pa
s6 di thuong trong chudi dit lidu cua diém
MEDI di duogc loai bo (ving chiam do duoc
khoanh tron), hinh 7b; tuy nhién, van c6 mot sb
gi tri nghi 1a di thuong con ton tai va phan b
tan mat trong chudi.
3.2.4. Phuong phap loc Kalman bdc 0

Cac di thuong trong chudi dir liéu cua diém
BANN déu dugc phat hién ding va tu dong loai
bo, hinh 6a. Pudng mau do6 (hinh 8a) 1a duong
udc luong duge thyc hién bdi loc Kalman da
thirc bac 0. Pa sb di thuong trong chudi dit lidu
cua diém MEDI da dugc phat hién va loai bo
(chAm mau do khoanh tron), hinh 6b. Tuy nhién,
ciing thay rang c6 mot sb gia tri tin cdy cling da
bi loai khéi chudi sau khi loc (hinh 8b).

© e “ oo .\'-."&."3"-‘ . 7, .y,
e S T R

th It

008

a)

Hinh 6. a) Loai bo di thuong bang phwong phap hinh hoc thir hai ciia diém BANN, va b) MEDI
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Hinh 8. Loai bé di thudng bang loc Kalman da thirc bac 0 caa diém a) BANN va b) MEDI

Nhén xét chung: Véi day sb liéu cua diém
BANN, chi ¢6 mot vai di thuong, cac phuong
phap déu tu dong tim va tach di thuong khoi
chudi (cac hinh a). Voi ddy sb liéu cua diém
MEDI, cac phuong phap déd khong phat hién va
loai bo hoan toan dugc cac di thuong (cac hinh
b). Tuy nhién, néu st dung phép loc lip nhiéu
lan thi két qua thu dugc kha quan hon (hinh 8b).
4. KET LUAN

Két qua thuc nghiém cho thiy cac phuong
phap hinh hoc nén dugc &p dung dé tim va loai
cac di thuong ddc 1ap hodc nhéom di thuong don
gian. Phuong phap hdi quy co thé loai bo hau
hét cac di thudng xudt hién trong chudi. Phuong
phap Kalman ciing cho thay hiéu qua nhat dinh.

Song, lwa chon béc loc va tri khai dau can cin
than, khi thdy loc khong dung thi can didu chinh
cho phu hgp hon.

Dbi voi tap dir lidu khao sat trong bai bao,
phwong phap loc Kalman 13 hiéu qua nhat, sau
d6 t6i phuong phap hdi quy, cudi cing la céc
phuong phap hinh hoc.

R0 rang la khéng c6 phuong phap téi wu,
tly timg trudng hop cu thé ma ap dung phuong
phap phu hop. Vé&i cac chudi dit lidu c6 di
thuong phirc tap (nhu cia diém MEDI), khong
thé 4p dung mot phuong phép loai bo tat ca cac
di thuong. Sau khi loc tu déng, nén ap dung
cach thirc kiém tra thii cong dua trén kinh
nghiém cta cac chuyén gia.
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Outlier detection in GNSS position time

series
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ABSTRACT

The continuous GNSS stations are used to
determine the displacement velocities, seasonal
variation, amplitude of tectonic activities,... To
accurately determine these factors, the first is to
remove outliers in GNSS position time series. In
general, filtering approaches are subjectively
selected based on the experience and visual

interpretation of experts. Therefore, the process
may lead to a waste of time or confusion,
especially for stations with  long-term
continuously recorded data. The purpose of
paper is to introduce the applicability of several
algorithms and methods of filtering outliers in
GNSS position time series.

Keywords: Permanent GNSS networks, outliers, GNSS position time series, filtering outliers:
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