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Nghién ctru tng dung wéc lwong virng phat hién sai s6 tho trong

xtr Iy s6 liéu trac dia

Pham Quéc Khanh ¥, Tran Quynh An'!

1 Khoa Trdc dia - Bdn do va Qudn ly ddt dai, Trwong Dai hoc M6 - Dia chdt, Viét Nam

THONG TIN BAI BAO TOM TAT
gﬁq trl;r\l’.?'l 5 /3/2017 Viéc kiém tra va phdt hién sai s6 thé trwdc khi tinh todn binh sai la cong viéc
an bai 15/3/20 cdn thiét va khéng thé thiéu trong quy trinh xit Iy s6 liéu trdc dia. Néu tdp tri
Chap nhan 15/6/2017 do c6 sai s6 tho sé dnh huéng 16m dén két qud tinh todn binh sai. Trong xt Iy
bang online 31/8/2017 s6 liéu trdc dia theo nguyén Iy wéc lugng vieng, sai s6 thé dwoc xi ly cung
Tir khoa: v&i mé hinh ngdu nhién cia bai todn binh sai, tinh Idp trong s0 dé xdc dinh
Uéc lwong vitng vi tri'va gid tri sai s tho. P,h'u'o'r'zig phqp nay dat i}}eu qud cao khg xu ly mang
Xirly s 5licu lwdi c6 do hinh phikc tap vai nhiéu tri do thira. Két qua thuc nghiém cho thdy

Sai sd thd

phuwong phdp wéc lugng viing phdt hién sai s6'thd c6 d tin cdy tot va cé thé
itng dung réng rdi trong thwc té sdn xudt.

© 2017 Trudng Dai hoc M6 - Pia chit. T4t ca cac quyén dwoc bao dam.

1. M¢é dau

Nguyén tac binh phwong nhé nhit 4p dung
trong cong tac xir ly s6 liéu trac dia cho két qua tin
cay khi tap tri do chi mang sai s6 ngiu nhién, sai
s0 tho va sai s6 hé thdng da dwoc loai bo trudre khi
thuc hién tinh toan binh sai. O nwéc ta, tim va loai
bd sai s6 tho thudng dwa vao quan hé hinh hoc ctia
lwéi hodc cac diéu kién rang budc trong lwédi clia
cac tri do dé kiém tra s0 liéu do ngoai nghiép, cling
nhu trong xtr 1y so liéu truede binh sai mang ludi
khong ché tric dia. Phwong phap nay c6 hiéu qua
tot d6i véi cac mang lwdi nho, ¢ it tri do. Nhung
vGi cdc mang lwdi 1on ¢6 d6 hinh phirc tap va
nhiéu tri do nhw lwdi quan trac bién dang thuy loi-
thiy dién, lwdi khong ché khu cong nghiép, thanh
phd v.v.., d& tim dwoc sai s§ thd bang phwong

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

phép trén sé mit rit nhiéu céng sirc va thoi gian.
Gan day, c6 thém nghién ctru (Pham Qudc Khanh,
2014; Pham Qudc Khanh, 2016), sai s6 tho dworc
dwoc xtr ly dong thoi véi mo hinh ham s6 binh sai
dya trén ly thuyét xac xuit thong ké, phwong phap
nay c6 do tin cdy tot nhuwng nhuwoc diém 1a chi phat
hién dwoc mot sai s6 thd trong mdi lan binh sai,
muon tiép tuc tim sai sd thé khac, phai loai bé tri
do c6 sai s6 thd trwdc dé roi méi co thé tiép tuc
thwc hién tinh toan.

Trong ly thuyét binh sai hién dai, x ly so liéu
trac dia theo nguyén ly wéc lwong viing, véi mang
lwéi c6 nhiéu tri do thira, cho phép xt Iy dong thoi
sai s6 ngAu nhién va sai s6 thd trong qua trinh binh
sai, dwa vao két qua tinh 13p dé lién tuc cai bién
trong s hodc phwong sai cua tri do, két qua lam
cho trong s6 ctia tri do c6 chira sai s6 tho tién téi 0
hodc phwong sai tién téi vo cung 16n.Thong qua
d6, xac dinh vi tri sai s6 tho va gia tri sai s6 khong
nhirng mot ma cda nhiéu tri do. Nguyén ly wéc
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lwong virng phat hién sai s6 tho dwoc &ng dung
hiéu qua trong nhiéu linh virc nhw ly thuyét toi wu
(Baselga S, 2007), binh sai lwéi GPS (Yang Yuanxi,
Xu Tianhe, Song Lijie, 2005; Anh Tuan Luu, 2016).
C6 nhiéu phwong phap wéc lwong sai s6 tho theo
nguyén ly wéc lwong virng, trong khuon khé noi
dung bai bdo nay, chi nghién ctu phwong phap
thay thé chon trong s6 va ng dung trong xtr ly
lwéi quan trac chuyén dich bién dang céng trinh.

2.Nguyén tic wéc lwong tw nhién 16m nhit caa
worc lwgng vikng

Tw twdng co ban cia wéc lwong virng la khi
khong thé tranh dwoc sai s6 thd, chon phwong
phap wéc lwong thich hop sao cho tri wéc lwong
clia tham s6 ¢6 gang tranh dnh huéng cla sai s6
tho dé dat dworc tri wéc lwong tot nhat. Vi vdy, cach
thirc ma wérc lwgng virng nghién ctru 1a dua trén
moé hinh gia dinh d6i véi bai toan thuc té€, dong
thoi cho rang md hinh nay khong chinh xac, chi
gan dung v&i mé hinh ly thuyét cta bai toan thuc
té. Phwong phap wéc lwgng dé giai bai toan loai
nay phai dat dwgc cdc muc tiéu sau (B0 mon Binh
sai tric dia dai hoc Vii Han, 2010):

(1) V&i mo hinh phan bé tri do da gia dinh, tri
wéc lwong phai la toi wu hodc gin t6i wu;

(2) Khi mo6 hinh phén bé cia gia thiét va mo
hinh ly thuyét cta thuc té c6 khac biét twong doi
nho, tri wéc lwong chiu anh hwdng cla sai s6 tho
twong doi nho;

(3) Khi mo6 hinh phén bé cia gia thiét va mo
hinh ly thuyét cta thuc té c6 khac biét twong doi
16m, tri woc lwong khong dén ndi chiu 4nh hwdng
qua lom.

Uéc lwgng vikng dugc chia lam ba loai co ban
13 12 wéc lwgng ty nhién 1én nhit (wéc lwgng M),
wéc lwong tuyén tinh sdp xép thi tw (wéc lwong
L) va wéc lwong hang (wéc lwong R). Trong ba
dang trén, wéc lwong M c6 tac dung chéng nhiéu
va loai trir sai s6 tho nén dwoc ng dung chi yéu
trong trac dia. Nguyén tic wéc lwong tw nhién 16m
nhat cia wéc lwong M nhu sau.

Gia thiét tip tri do doéclapla L, (1=1,...,n),
X la tham s6 wérc lwong, mat d6 phan b cta Li la

f (Li , X ), nguyén tac woc lwong tw nhién lon nhit

la: > £, ) = max (1)

Dung ky hiéu p(l., X) thay cho In f(l., X),
ta cé:

> o, X) = min (2)
i=1
Lay dao ham biéu thirc trén, dwoc:
>, X)=0 (3)
i=1

5. - op(l, X)

Trong do: (I, X) = 6—)2
C6 thé thady, métham sé p (hodc ¢ ) thi dinh
nghia dwoc mét wéc lwgng M. Him s6 p 1a ham
dé6i xtirng, lién tuc, 16i hodc khong gidm trén ban
truc dwong. Viéc xac dinh ham s6 p (hodc ¢ ) 1a
mat xich quan trong nhit khi dung wéc lwong M,
dohamsd p phai dam bao tw twdng co ban va ba
muc tiéu wéc lwgng tham sé cia wéce lwong virng.
Néu chon ham s8 p(l,, X) = (I,,—)* thi

> p(l, X)=>'v?, day 1a nguyén tic binh
i=1 i=1

phuwong nhé nhat, khong c6 tinh chat chdng nhiéu
va loai trir sai s6 thé nén khong phai 1a mét
phwong phap wéc lwong virng.

3. Phwong phap thay thé chon trong s6 woéc
lwong virng

C6 nhiéu phwong phap wéc lwong M nhung
dwoc str dung nhiéu nhat 1a phwong phap thay thé
chon trong s6 (Wang Xinzhou, Tao Benzao, Qiu
Weining, Yao Yibin, 2006, Pham Qudéc Khanh,
2012). N6i dung co ban ctia phwong phap nay la:

Gia thiét tri do doclapla L ,, vector tham s6

A

chwabiétla X, ,, phuong trinh sai s§ va ma tran
trong so la:
a I,
R a, | |
V=AX-L=| ?|X~-|?

a |

n n

P, (4)

Pn

Trong dd, a;1a vector hé sé c6 kich thwéc 1xt.
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Ttr phwong trinh sai s6, ham s6 p(l., X) ctia

wéc lwong M duoc biéu thi la:
o(l;, )2) = p(v;) (5)
Trong trudng hop cac tri do khéng cung do
chinh xac, wéc lwong M cé dang:

> pp) =3 pp@X ~l)=min (g)

Twong t (3), dong thoi ky hiéu p(v.) = SV_P

, duoc
Zl‘, pip(vi)a =0 (7)

bat p, = pw,, W, = M (8)
V.

Puocy a PV, =0 hoic ATPV =0 (9)
i1

)

V=AX-L

'

PO =pPw (w, =1)

'

XV =(A"PA)' A" PL

-—
PO = AXO - L
;)

v zw,Hle plwl

X—(.) _ (ATJBU-I]A)-] ATPY L
PO =AXY - L

Hinh 1. So d6 khéi phwong phdp thay thé chon
trong s6 wéc lwong virng.

Phwong trinh chuén cta wéc lwong M 1a
ATPAX —ATPL=0 (10)
Trong d6, P 1ama tran trong s§ twong dwong,
P, 1a phin ti trong s6 twong dwong. Do P laham
cua V, théng qua viéc gan cho no6 gia tri ban dau,
dung phwong phap thay thé dé wéc lwong tham sé
X , wéc lwong virng M cudi cing ctia tham s6 la
X =(ATPA)'ATPL (11)
Nhan xét: Tl (8) thiy rang, khi chon ham s&
£ khac nhau sé tao ra nhiéu dang khac nhau cua
ham trong sd, vi du ham Huber, ham Turkey, ham
Hampel... (B0 moén Binh sai tric dia dai hoc Vii
Han, 2010). Vi ham trong s6 ludn 1a dai lwgng bién
doi theo s6 hiéu chinh trong qua trinh binh sai, 36
16m cua vi va w; ty 1€ nghich véi nhau; vi cang 16m,
wi va P, cang nho. Qua thay thé nhiéu lan, lam cho
trong s6 cda tri do c6 chira sai s6 thd bang 0 hodc
tién tdi 0, sai sO cla tri do twong rng sé phan anh
gia tri sai s6 thé cua tri do d6. Chinh vi viy mé&i néi
rang, phwong phép thay thé chon trong s6 c6 thé
xac dinh dworc vi tri va gia tri cla sai s6 tho.
So d6 khoi ciia phwong phap thay thé chon
trong s6 wéc lwong virng dwoc thwe hién nhw hinh
1.

4. Tinh toan thwc nghiém

Bai bo st dung lwdi co sé quan tric chuyén
dich bién dang thiy dién Yaly lam thwc nghiém, so
d6 lwdi nhw hinh 2. Lwdi gdbm c6 7 diém co s& (ky
hiéu lan lwot 1a QT2, QT3, QT4, QT5, QT8, QT9,
QT10) dwoc do theo phwong phap do goc canh
bidng may toan dac dién t& TC 1700, bao gbm 28
goc va 17 canh. P9 chinh xac do goc la 1.0", do
chinh x4c do canh1a 1+ 1.ppm.

QT8

Hinh 2. Lwdi co sé quan trdc thiy dién Yaly.
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V6i s6 liéu thuc té chu ky 15 do ngay
20/8/2004 (khéng co sai sO thd). Néu kiém tra
lwéi theo cic phwong trinh diéu kién thi can tinh
34 phwong trinh, cac diéu kién dé kiém tra du st
dung may tinh cling rat méit thoi gian. T s6 liéu
trén, tién hanh thyc hién 2 thwe nghiém nhw sau.

4.1. Thwc nghiém 1

Gia thiét trong day s6 liéu do chi ton tai sai s6
thd do goc, tai tri do goc thi 8 thém vao gia tri do
sai s0 10”(gia tri goc do thuc té1a 30 46 05.83), tri
do goc 19 giam vao gia tri do 10” (gia tri goc do
thuc té1a 12 09 48.82). Tién hanh xtt 1y s6 liéu va
phéat hién sai s6 thé theo phwong phap wéc lwgng

virng, két qua thu dwoc ghi trong Bang 1.

Sau xt¥ 1y, nhan thay goc do s6 8 c6 sai s6 la -
8.58” va goc s6 19 1a 9.56”". Nghia 1a gia tri ding
cuia cac goc nay phai dwoc cong va trir theo sé hiéu
chinh twong rng nhw trén. Cac gia tri nay twong
d6i sat vi cac gia tri sai s6 dwa vao.

4.2. Thwc nghiém 2

Trong day sé liéu do ton tai ca sai s tho do
gbc va sai s6 tho do canh, van gia thiét tai tri do goc
thir 8 thém vao gia tri do sai s6 10” (gia tri goc do
thuc té 1a 30 46 05.83), tri do goc 19 giam vao gia
tri do 10” (gia tri goc do thuc té1a 12 09 48.82), tri
do canh thtr 10 sai 30mm (tri do la 475.0725m).

Bdng 1. Géc do va so hiéu chinh twong ting thuc nghiém

STT | Géc(>'”) |S6hiéuchinh ()] Ghichd | STT | Géc(°) |S6 hiéu chinh (*)] Ghichd
1 2644 15.78 0.00 15 ]1160519.31 0.08
2 832 25.30 0.81 16 | 140451.75 0.00
3 7 34 00.67 0.60 17 |100800.88 0.14
4 49 14 55.10 0.00 18 | 6503 55.58 0.19
5 131013.70 1.63 19 | 120938.82 9.56 Giam 10”
6 4613 58.60 -0.34 20 10334549 -1.03
7 30 20 05.75 0.36 21 645 30.27 0.26
8 3046 15.83 -8.58 Thém 10”| 22 | 12 1045.05 0.02
9 156 41 42.99 0.66 23 7 46 55.38 -0.23
10 76 17 44.44 0.71 24 | 570815.67 0.43
11 534952.82 -0.47 25 |301517.25 -0.48
12 27 15 06.28 -0.02 26 |194211.18 0.18
13 4555 33.47 -0.87 27 | 112931.77 0.51
14 6121 18.64 0.00 28 | 773908.13 0.89
Bdng 2. Géc do va s6 hiéu chinh twong teng thwe nghiém 2.
STT | Goc(c'”) |S6 hiéuchinh(’)| Ghichti | STT | Goéc(c'’) | S6hiéuchinh (") | Ghichd
1 26 44 15.78 0.05 15 16 0519.31 0.31
2 832 25.30 -1.26 16 14 04 51.75 0.06
3 7 34 00.67 0.58 17 10 08 00.88 0.31
4 49 14 55.10 0.00 18 6503 55.58 0.14
5 131013.70 1.03 19 1209 38.82 9.70 Gidm 10”
6 46 13 58.60 0.00 20 10 33 45.49 -0.84
7 30 20 05.75 0.63 21 645 30.27 0.49
8 3046 15.83 -8.40 Thém 10”| 22 12 10 45.05 -0.39
9 | 156414299 1.09 23 7 46 55.38 -0.12
10 | 7617 44.44 0.84 24 5708 15.67 0.69
11 | 53495282 -0.01 25 301517.25 -0.05
12 | 271506.28 -0.23 26 1942 11.18 -0.70
13 | 455533.47 -1.70 27 1129 31.77 0.58
14 | 612118.64 -0.01 28 77 39 08.13 0.83
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Bdng 2. Géc do va s hiéu chinh twong ting thwe nghiém 2.
STT | Canh (m) |S6 hiéu chinh (mm)|Ghicht| STT | Canh (m) |S6 hiéu chinh (mm)| Ghichd
1 | 585.7900 -0.1 10 | 475.0425 25.9 Gidm 30mm
2 | 778.3205 5.6 11 | 2251.0534 1.8
3 112304922 -2.2 12 708.1612 3.1
4 |1486.7881 3.6 13 | 2187.7510 -3.4
5 | 356.7622 2.6 14 | 1077.4215 -2.4
6 | 824.8497 -1.9 15 | 2068.5944 1.3
7 | 366.8374 2.7 16 | 1282.6991 0.6
8 12489.1695 -3.4 17 |1920.1998 -0.7
9 | 696.9223 -1.1

Tién hanh xr Iy s6 liéu thu dwoc két qua nhw
Bang 2 va Bang 3.

Nhén xét: Cac sai s6 thé theo gia thiét déu
dwoc phat hién vi tri chinh x4c, gia tri cta sai s6
tim duoc twong doi sat véi gia tri sai s6 dwa vao
thuc nghiém. Sai khac cda gia tri tim thiy va sai s6
dwa vao la do sai s6 do va sai s6 cia m6 hinh binh
sai.

5. Két luan

Twr két qua nghién cliru phwong phap wéc
lwong virng phat hién sai s6 tho cho thiy:

- Vé&i mang lwéi trac dia 1om, phirc tap va c6
nhiéu tri do thira, *tng dung phwong phap wéc
lwong vitng phat hién va loai trir sai s6 tho cho két
qua dang tin cay.

- Phwong phap nay c6 thé tim dwoc vi tri va
gia tri cta sai s0 thé ma khong mat qua nhiéu thoi
gian tinh todn. Gia tri sai s0 thoé khéng dwoc xac
dinh chinh xac tuyét déi la do sai s6 cia phép do
va sai s6 mo hinh binh sai gy ra.

- Thuat toan ctia phwong phap wéc lwgng
vitng thudn tién cho cong tac 1ap trinh trén may
tinh.
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ABSTRACT

Research on the application of the robust estimation to detect outliers
for the processing data in geodesy

Khanh Quoc Pham %%, An Quynh Tran 1

1 Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam.

Checking and detecting the gross error before the adjustment is necessary for processing data in
geodesy. If the set of measurement includes gross error it will seriously affect the final result. Due to the
processing data used the robust estimation, gross and random errors in the stochastic model are
calculated by iterative process using weights to determine the location and value of the gross error. This
method can achieve a high effect according to networks that are complicated configuration and many
redundant observations. Experimental calculation shows the ability of this method that is reliable for
detecting outliers. The robust estimation should use for practical geodesy.

Keywords: Robust estimation, processing data, gross error.
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