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The Global Navigation Satellite System (GNSS) position time series is
applied in studies that require high-precision positioning, such as
monitoring tectonic movements and Earth deformation. Outliers in GNSS
position time series can significantly impact the accuracy of station
positioning and movement parameters, leading to distorted data analysis
outcomes. This study investigates the effectiveness of three machine
learning techniques, including-Isolation Forest, One-Class Support Vector
Machines (0-C SVM), and Local Outlier Factor (LOF) for outlier detection
in GNSS position time series, with a specific focus on the SYNT model
where outliers account for a substantial proportion (15%). Through
comprehensive analysis, our results highlight the exceptional
performance of the Isolation Forest method. It demonstrates remarkable
accuracy in identifying outliers, effectively detecting the majority of them,
and achieving an area under the ROC curve close to 1. In contrast, the LOF
method performs less effectively in outlier detection, while the O-C SVM
method displays relatively higher accuracy in identifying normal data
points. These findings emphasize the significant advantages of leveraging
machine learning approaches in processing continuous GNSS
measurement data. By effectively identifying and handling outliers, these
techniques enhance the accuracy and reliability of data analysis in GNSS
position time series, ultimately establishing their superiority in the field of
data analysis.
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Phat hién ngoai lai trong chudi toa do GNSS bang may hoc

Nguyén Dinh Huy, Tran Dinh Trong *
Trwdng Pai hoc Xay dung Ha Noi, Ha Noi, Viét Nam

THONG TIN BAI BAO TOM TAT
gﬁ‘f trgff.l' Chudi toa do (position time series) nhdn dwgrc ttr két qud do GNSS (Global
hén bai 27/3/2023 Navigation Satellite System) lién tuc dworc ting dung trong cdc nghién ctiu
Stra xong 30/7/2023 Yéu cdu dinh vi d6 chinh xdc cao nhu dich chuyén mdng kién tao, bién dang
Chap nhan dang 24/8/2023 V6 trdi ddt,... Ngoai lai hay di thuomg (outller) cdn phdi logi bé trong xu’Iyso
Tir khoa: liéu noi chung, ddc biéttrong phan tich chudi toa do GNSS do chiing lam gidm
Chudi toa d6 GNSS d6 chinh xdc khi xdc dinh vi tr diém do va cdc tham sé dich chuyén ctia diém
Isolation Forest ’ do, lam nhiéu két qud phan tich dir liéu ctia chuéi. V&i nhitng wu dzem vuot
LOF ’ tréi so véi cdc phwong phdp théng ké, hay phwong phdp cira sé truot,...
o trong nghién cttu ndy, nhém nghién ciru st dung 3 phwrong phdp mdy hgc
Ngoai lai, duoc ddnh gid la t6i wu trong phdt hién ngoai lai la Isolation Forest, One-
0-CSVM. Class Support Vector Machines (0-C SVM) va Local Outlier Factor (LOF) dé
phdt hién ngoal lai chiém ti 1¢ cao (15%) ctia chudi toa d6 GNSS mé hinh
SYNT. Két qud cho thdy Isolation Forest dat hiéu sudt t6t nhdt, véi dé chinh
xdc cao, khd ndng tim ra hdu hét cdc diém ngoai lai va dién tich dwéi dudng
cong ROCgan 1, LOF ¢6 hiéu sudt kém hon, trong khi O-C SVM chi c6 dg chinh
xdc tirong doi cao trong viéc xdc dinh cdc diém binh thwdng. Két qud nghlen
clru gop phan khang dinh wu diém vwot tréi ciia cdc phwong phdp mdy hoc
trong viéc xtr ly s6 liéu do GNSS lién tuc.
© 2023 Trwdng Pai hoc Mo - Dia chit. T4t ca cac quyén dwoc bao dam.
1. Mé& dau 2020). Trong linh vuc nghién ciu dich chuyén

Cong nghé dinh vi GNSS (Global Navigation
Satellite System) lién tuc cho phép xac dinh toa do
cac tram do lién tuc theo theo thoi gian, cac toa do
ndy tao thanh chubi theo thoi gian (GNSS position
time series). Chudi toa d GNSS duoc ing dung
rong rii, dic biét trong cac linh vuc yéu cau dinh vi
dd chinh xac cao va lién tuc theo thoi gian (Bevis va
nnk, 2020; Gomo va nnk., 2017; Montillet & Bos,

*Tdc gid lién hé
E - mail: trongtd@huce.edu.vn
DOI: 10.46326/JMES.2023.64(4).03

mang kién tao, bién dang vé trai dit va cac hoat
dong dia chn, chudi toa @6 GNSS cung cip van tdc
dich chuyén (Ito va nnk, 2019; Kall va nnk, 2021;
Dinh va nnk., 2023; Tsai va nnk., 2015) va cac hién
twong dich chuyén bé mat dat khac (Klos va nnk,,
2020; Riel vannk, 2014), la cic tham s6 quan trong
va chinh xac cho cAcnghién ciru vé dong dat, ndilira
cac cac hién twong dia vat ly khac (Métivier va nnk,
2014; Montillet va nnk., 2015; Trong & Huy, 2023);
Trong linh virc nghién ctru khi hiu, chudi toa do
GNSS lién tuc cung cip cac tri do muc nwdc bién
dang, sut lan d4t va cac dich chuyén bang ha, cho
phép nghién ctru cic twong tac cia hé théng dong
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cua trai dat t6i bién doi khi hiu (Teferle va nnk,
2008);...

Chudi toa d6 GNSS cta cac tram do, theo thoi
gian ngay cang nhiéu 1én va cac gia tri toa d6 ngoai
lai hay di thwong (outlier) cling tang theo. CAc ngoai
lai 1a cac gia tri toa d6 bat thwong, khong tuan theo
md hinh théng thuong ctia chudi toa do (Hawkins,
1980), ludn ton tai trong chudi do nhiéu nguyén
nhan, nhw (Tran, 2013; Tran va nnk.,, 2022): (1)
Nhiéu do: cAc tac dong tir mdi trwong nhw nhiéu
dién tlr, da dwong dan, hay dong dat c6 thé gay
nhiéu va lam bién déi tri do, dan dén sw xuat hién
clia ngoai lai; (2) Loi thiét bi thu GNSS: 16i hodc sw
khong chinh xac cla cac thiét bi thu GNSS c6 thé gay
ra cac tri do bi sai hodc gian doan ciing dan dén
ngoai lai trong chudi toa do; (3) Loi do thuit toan
xt ly: cAc phwong phap xt ly dit liéu GNSS c6 thé
gay ra 16i tinh toan hoic sai sét xtt ly dit liéu, dan
dén xuat hién cic ngoai lai trong chudi toa dd. Cac
ngoai lai trong chudi toa do GNSS dan tdi: (1) sai
1éch vi tri diém do xac dinh dworgc; (2) gidam d6 chinh
xac clia chudi toa dd GNSS dan dén tinh toan cac
tham s6 chuyén dich cta diém do khong chinh xac;
(3) nhiéu dit liéu va gay kho khan cho cac qua trinh
phan tich va xt 1y chudi toa do GNSS. Loai bé ngoai
lai la mét qua trinh quan trong dé ddm bao tinh
chinh xacva tin cdy cta dit liéu GNSS. Viéc phat hién
va loai bo ngoai lai, c6 thé ké dén cac phwong phap
phd bién nhw phwong phap thong ké (Hieu va nnk,,
2018; Wu va nnk., 2017), phwong phap clra so
trwot (Tran va nnk, 2022, 2016), ki thuat lam
muot dit liéu (Tran va nnk.,, 2014),... Cac phwong
phap nay dat hiéu qua cao hay khong con tuy thudc
vao s6 lwong, ddc di€ém va sw phan bd cia cac ngoai
lai.

Hién nay, v&i sw phat tri€én manh mé cia viéc
trng dung mdy hoc (machine learning), viéc rng
dung trong phat hién ngoai lai trong chudi toa do
GNSS mang lai nhiéu wu diém. Ttr kha nang hoc tip
va thich tng, xtr ly dit liéu phirc tap, tinh linh hoat
va kha nang mé rong, hiéu suit cao, dén giam thiéu
cong strc va thoi gian, cdc phwong phap may hoc
déng gbp quan trong vao viéc cai thién viéc phat
hién ngoai lai va nang cao chit lwong dir liéu GNSS.
Viéc img dung may hoc trong xir Iy chudi GNSS néi
chung dwoc nhiéu hoc gia trén thé gi¢i quan tam.
Gao va nnk. (2022) da &ng dung cac phwong phap
hoc may dé xac dinh mé hinh va dw bdo chuyén
dong, trong do6 c6 budrc loai bé ngoai lai ciia chubi
GNSS ctia 9 tram GNSS do lién tuc trong 13 nam. Két

qua cho thiy dd chinh xac ting 1én ro rét so voi
phwong phdp s6 binh phwong nhé nhat. Kiani
(2020) Urng dung phuwong phap hoc may cé giam
sattrong viéc phat hién ngoai lai va dwbao dong dat
tir cac chudi toa dd GNSS clia 845 tram GEONET,
két qua cho thiy loai bd hiéu qua ngoai lai va do
chinh xac dw bao dong dat dat c& 2h cho dong dat
tai Tohoku vao nam 2011. Trong khi d6, viéc ing
dung hoc may trong xtr Iy s6 liéu do GNSS lién tuc &
nuéec ta con it, c6 thé ké dén nghién ctru ctia Phong
va nnk. (2023), trong dé cac tac gia da st dung
mang no-ron nhan tao dé phan tich dw bao chuyén
dich thang dtirmg khu vurc dong bang song Clru Long
tir dir liéu GNSS lién tuc cia diém CTHO, két qua dw
béo dat do chinh x4c rit cao. Do cac cong bo con it
va két qua g dung may hoc dat d6 chinh xac cao
nhu vdy, nén hwéng nghién clru nay 1a rat trién
vong, nhit la khi mang lw¢i VNGEONET, mot mang
lwdi GNSS lién tuc c6 quy mo 16m va chinh xac cta
nuwéc ta da dwoe dwa vao str dung mai day.

Trong bai bao nay, nhém nghién ctru da trng
dung ba phwrong phap may hoc la: phwong phap
Isolation Forest, phwong phap One-Class Support
Vector Machines (OC-SVM) va phuwong phap Local
Outlier Factor (LOF), dé phat hién ngoai lai trong
chudi toa d6 GNSS clia mot diém mé hinh, tir dé
danh gia hiéu suat, do chinh xac cta cac phwong
phap may hoc dé. Cac phwong phap nay thudc
nhém cac phwong phap may hoc khong giam sat,
dwoc danh gia 1a t6i wu trong phat hién ngoai lai
trong tap dit liéu néi chung.

Trong phan 2 cda bai bao sé trinh bay vé cac
phwong phap may hoc nay va cach chiing dwgc ap
dung trong viéc phat hién ngoai lai trong chudi toa
do GNSS, dong thoi sé tap trung vao thwce hién cac
thir nghiém va danh gia hiéu qua cda cac phwong
phap may hoc trong viéc phat hién ngoai lai trong
chudi toa dd GNSS.

2. Cac phwong phap may hoc sitr dung cho
nghién ctiru

2.1. Phwong phdp Isolation Forest

bay la phwong phap dwa trén md hinh cay
quyét dinh (decision tree) dwoc st dung dé phat
hién ngoai lai trong dit liéu (Liu va nnk., 2008).
Phwong phap ny gi thiét rang cac diém ngoai lai
c6 xu hwéng bi ¢6 1ap hon so véi cac diém binh
thwong trong khong gian div liéy, tao ra cac cay
quyét dinh ngau nhién va do s6 lan can thiét dé co
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1ap mot diém ngoai lai tir dir liéu. Cac di€ém ngoai lai
can it cay dé co 14p, trong khi cac diém binh thwong
can nhiéu cay dé co lap.

Qua trinh xiy dung Isolation Forest bao gom
cac budrc sau:

(1) Chon mdt mAu ngiu nhién tir tap dit liéu
va xac dinh gi6i han trén va dwéi ctia bién trong tip
dir liéu.

(2) Chon mot gia tri ngau nhién trong khoang
gi¢i han ciia bién lam gia tri phan chia (split value).

(3) Chia dir liéu thanh hai phin dwa trén gia
tri phan chia.

(4) Lap lai cac bwéc trén cho dén khi mdi nit
14 chi chita mot diém dir liéu hoac dat dwoc so
lwong cdy quyét dinh tdi da.

Sau khi xay dung cdy, phwong phap Isolation
Forest tinh to4an do c6 1ap (isolation score) cho mdi
diém dir liéu trong dir liéu dwa trén cac ciy quyét
dinh. Do c6 1ap cho moi diém dit liéu 12 s6 1an phai
cat cay dé co 1ap diém do. Cong thirc tinh toan dd co
14p cho mot diém nhw sau:

_E(h(x)
s(x,T)y= 2 <m €8]

Trong d6: s(x,T) -do co14p cia diém x trén
cay T; E (h(x)) - s61an cat cay dé c6 1ap diém x trén
cay T; c(n) - gi tri trung binh ctia s6 1an cit cy cin
thiét dé co 1ap mot diém trong dir liéu n diém.

Do c6 1ap clia mbi diém dit liéu thwong ndm
trong khodang [0,1], trong d6 gia tri gan 1 cho biét
diém d6 c6 xu hwdng bi co 1ap va c6 kha nang la
ngoai lai. Cong thitc tinh todn dd c6 1ap va qua trinh
xdy dung ciy cla Isolation Forest gip nhanh
chong va hiéu qua trong viéc phat hién diém ngoai
lai trong chubi toa do GNSS.

2.2. Phwong phdp One-Class Support Vector
Machines

Phwong phap One-Class Support Vector
Machines (OC-SVM) (Scholkopf va nnk.,, 2001) la
mot phwong phap hoc dé phat hién diém ngoai lai
trong dit liéu. OC-SVM dua trén gia dinh rang cac
diém dit liéu binh thwong chiém phan lén trong
khong gian dir liéu va cac diém ngoai lai la cic diém
hiém gip hodc khéng tuin theo phin phéi chung.
Phuwong phap nay xdy dung moét ranh gidi
(boundary) xung quanh cac diém dir liéu binh
thudng va diém dir liéu ndm bén trong ranh gidi
duoc coi 1a binh thuong, trong khi diém dit liéu
nam bén ngoai ranh gi¢i dworc coi la ngoai lai.

Qua trinh huin luyén OC-SVM bao goém viéc
tim ra ranh gi&i quyét dinh t6t nhit hay mat siéu
phang (hyperplane) dé phan cich dit liéu binh
thwong va ngoai lai. Hyperplane nay dwoc xac dinh
bang cach tim nghiém t6i wu ctia bai toan t6i thiéu
héa ham muc tiéu.

Ham muc tiéu cda bai toan toi thiéu héa dwoc
xac dinh b&i cong thirc sau:

1 1
Swhow+ voNi & - Ein i 9(x) (2)

Trongd6: w - vector trong s& cla
hyperplane; v - tham sé diéu chinh d6 1ém cia ving
binh thwong (nu-parameter); n - s6 lwong diém dir
liéy; &; - bién 16ng dé cho phép cac diém dir liéu bi
vi pham (slack variables); a; - hé s6 Lagrange
twong tng véi moi diém dir liéu; ¢(x;) - ham
kernel tinh toan do twong dong gitra cac diém dir
héu Xi.

Sau khi tim ra nghiém t6i wu, OC-SVM str dung
hyperplane va ham kernel d€ phan loai cac diém dir
liéu. Cac diém nam trong ving binh thwong dugc
coi 1 binh thwong, trong khi cic diém nam bén
ngoai vung binh thwdng dwoc coi la ngoai lai.

Phwong phap OC-SVM thuong dwoc st dung
trong cic bai toan phat hién ngoai lai, phat hién bat
thuwong trong dir liéy, va phan loai mét 16p dir liéu
don €.

2.3. Phwwrorng phdp Local Outlier Factor

Pay la phwong phap phi co sé duoc str dung
dé phat hién ngoai lai trong dit liéu - phwong phap
Local Outlier Factor (LOF) (Breunig va nnk., 2000).
LOF dua trén nguyén tic cac diém dir liéu binh
thwong thwong c6 méat do gan nhau, trong khi cac
di€ém ngoai lai thuwdomg c6 mat do thap hon va nam
cach xa cac diém dir liéu khac. Phwong phap nay
tinh to4n hé s& Local Outlier Factor (LOF) cho mdi
diém dir liéu, do lwong mirc d6 "ngoailai” ciia diém
d6 dua trén mat d6 ctia cac diém xung quanh:

LRD(Y)
Lyen kCOLRD (%)

INk Ol (3)

Trong do: LRD (Local Reachability Density) -
dai lwong thé hién mat do ctia moi diém dir liéu
trong ngtr canh cla cac diém xung quanh:

LOF(x) =
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RD(x¥)\—1
||Nk(x)||) (4)

Trong d6: Ny (x) - tip cac diém hang x6m
gan nhat cia diém x (k-nearest neighbors);
RD(x,y) - khoang cach tiép cin (reachability
distance) gitra hai diém x, y (Day 1a mot gia tri thé
hién mirc dd kho khin trong viéc tiép can tir diém
x dén y dwa trén khoang cach cta y va mat do cta
y trong ngit canh cua x).

LOF c6 gia tri 16n hon 1 cho cac diém di liéu
duoc coi 12 ngoai lai va gia tri gan bang 1 cho cac
diém dir liéu binh thwong.

Phuwong phap LOF gitp xac dinh cac diém
ngoai lai khong chi dwa trén cac thong s6 thong ké,
ma con dwa trén mai quan hé gitra cic diém dir liéu
trong khong gian. Phuong phap LOF 1a mot cong cu
manh dé phat hién ngoai lai trong dir liéu, dac biét
la khi cac diém ngoai lai khdng tuin theo phan phéi
thong thwong va khong dugc dinh nghia ré rang.
Phwong phap nay dwgc ap dung rong rai trong cac
linh vire nhw phan tich dit liéu, nhan dang gian lan,
phat hién xam nhip va nhiéu trng dung khac.

LRD(x) = Uyenix)

3. S6 liéu va phwong phap nghién ctiru

3.1. 56 liéu

Chubi toa do GNSS str dung cho nghién ctru la
s6 liéu mo hinh cta tram do SYNT, dwoc tao thanh
gom cac toa do hang ngay lién tuc trong hon 3 nam
tir 2019.0 dén 2022.5 (1095 toa dd lién tuc). Viéc
tao bo s6 liéu dwoc thue hién nhw sau: (1) tao chubi
toa d6 chuyén dich theo phwong trinh gobm dich
chuyén tuyén tinh va chu ky theo mua (Tran va
nnk, 2021); (2) gan sai s6 ngiu nhién theo luat
phén phdi chuin véi do 1éch chuin £1 mm vao tat
ca cActoa do cuia chudi; (3) gan sai s6 tho cé bién do
tir £10 mm dén +200 mm vao 164 toa do trong
chudi dé tao cac ngoai lai (twong dwong 15%). Cac
buérctao dirliéu duoc thwe hién bang cach 1ap trinh
chwong trinh str dung ngén ngir Python va cac ham
toan hoc, ham xac sudt théng ké trong thw vién
Numpy.

Nhiam danh gia hiéu qua vwot tri cia cac
phwong phdp may hoc so vé&i cac phwong phap
thong ké trong phat hién ngoai lai, trong nghién
ctru nay nhém nghién ctru da gan gia tri 1om, tir £10
mm dén £200 mm (thong thwong cac ngoai lai la
cac gia tri 16m hon tir 2+3 14n d6 1éch chuin), dong
thoi tao ngoai lai chiém ti1é 15% la mot tilé 1m ma

cac phwong phap théng ké khong dat hiéu qua
(théng thuwong cac phwong phap thong ké chi co
hiéu qua khi ty 1é ngoai lai nhé hon 5% (Tran,
2013)).

Hinh 1 thé hién chudi thanh phan toa do x
(north) ctia diém SYNT, trong d6 cac diém mau
xanh la cac diém toa do thong thwong, con cac diém
mau do 1a cic toa d6 ngoai lai. Truc tung thé hién
gia tri toa do north (North Coordinate) theo don vi
mm, truc hoanh thé hién thoi gian clia chudi theo
don vi nam (Time).

3.2. Phwong phdap

DbE&danh gia hiéu qua ctia cic phwong phap hoc
may LOF, O-C SVM va Isolation Forest trong phat
hién ngoai lai trong chudi toa do GNSS, nhém
nghién ctru thyc hién theo so d6 nhw Hinh 2.

Cac budc thue hién gobm:

Buéc 1: Chuan bi dit liéu, tir dit liéu chudi toa
dd GNSS cua diém SYNT dwoc tao thanh, gdn nhan
cho cac diém binh thwong (khong phai ngoai lai)
14 "0" va cho cac diém ngoai laila "1".

Buérc 2: Chia tip di liéu thanh tip huin luyén
(70%) va tap kiém tra (30%).

Budc 3: Hudn luyén mé hinh LOF, 0-C SVM va
Isolation Forest trén tip huin luyén. Xac dinh
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Hinh 1. Chudi toa dj GNSS ctia diém SYNT (Trong dé:

North Coordinate - Toa do North; Time (Decimal Year) -

Thoi gian (decimet ndm)).
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Kiém tra
(30%)

Hinh 2. Cdc bwéc thyc hién ddnh gid hiéu qud cdc
phwong phdp mdy hoc.

ngoai lai bang cach str dung mo hinh da dwoc huin
luyén véi tip kiém tra.

Buwérc 4: Panh gia hiéu qua cac mo hinh.

O buéc 1, viéc gan nhan ddi véi dir lidu 1a
nham dé dinh danh ngoai lai trong qua trinh huin
luyén mé hinh (véi tap dit liéu huin luyén) va chi
str dung dé so sanh kiém tra sau khi huin luyén
(v&i tAp dir liéu kiém tra). Do vay, sau khi huin
luyén, véi dit liéu thuc t€, cic mo hinh van phat
hién dwoc ngoai lai hiéu qua nhw von c6 ma khong
can cac nhan nay.

O buéc 4, viec danh gia hiéu qua cda cac
phuong phap (mé hinh) théng qua cac tham sé
sau (Breunig va nnk., 2000):

Ti 1& s6 diém ngoai lai dwoc phat hién chinh

Xac:
Precission = —— (5)
TP+ FP
Tilé s6 diém ngoai lai dwoc tim thay:
TP
Recall = (6)
TP+ FN

Trung binh diéu hoa gitra Precision va Recall:

Precission.Recall
F1_score = 2 — (7)
Precission + Recall

Trong dé:

TP (True Positives), FP (False Positives)
twong Ung 1a s6 lwong dit liéu ngoai lai dwoc phin
loai dung, sai vao l¢p dir liéu ngoai lai.

TN (True Negatives), FN (False Negatives)
twong Ung la s lwong dit liéu binh thwong dwoc
phan loai ding va sai vao lép dit liéu binh thwrong.

Trong nghién cttu nay, dwong cong ROC
(Receiver Operating Characteristic) va dién tich
duéi dwong cong UAC (Area Under the Curve)
(Bradley, 1997) ciing dworc stt dung trong phan loai
va danh gia hiéu suit cua cac phwong phap.

4. Két qua nghién ciru va thao luin

Sau khi thuc hién cac thuit toan dé xay dung
md hinh va phat hién cac ngoai lai trong chudi toa
do6 GNSS cta diém SYNT s dung ngdn ngir 1ap
trinh Python (Van Rossum & Drake, 2003) trén
cung mét nén tang phan ciig. Két qua huan luyén,
kiém tra cdc mé hinh dwoc thé hién trong Bang 1.

Bang 1 cho thdy phwong phép Isolation Forest
c6 d6 chinh x4c cao trong viéc xac dinh cac diém dir
liéu binh thwong (16p 0) va ngoai lai (I16p 1) véi
Precission la 1,00 va 0,93 twong trng. Phwrong phap
nay c6 kha nang tim ra hau hét cac diém dir liéu
binh thwong va ngoai lai véi Recall twong tng la
0,99 va 1,00. Vé&i Fl-scorela 0,99 cho lép 0 va 0,96
cho 16p 1, cho thay hiéu suit tot cia mé hinh trong
ca hai 16p. Phwong phap LOF c6 tham s6 Precision
la 0,87 cho 16p 0 va 0,77 cho 16p 1, cho thay do
chinh x4c thip hon so véi Isolation Forest trong
viéc xac dinh cac diém dir liéu. Tham sd Recall 1a
0,99 cho 16p 0 va 0,16 cho 16p 1, cho thdy phwong
phéap nay c6 kha nang tim ra hiu hét cac diém dir
liéu binh thwong, nhung lai khéng c6 kha nang
trong viéc phat hién cac diém dir liéu ngoai lai.
Phwong phap O-C SVM c6 Precision 1a 0,93 cho lép
0 va 0,83 cho 16p 1, cho thdy c6 do chinh x4c cao
trong viéc xac dinh cac diém dir liéu binh thwong,
nhung kém hon mot chut trong viéc phat hién cac
diém dir liéu ngoai lai. Tham s6 Recall la 0,98 cho
16p 0 va 0,59 cho 16p 1, cho thidy phwong phap ¢
kha ning tim ra hau hét cic diém dir liéu binh
thwong, nhung hiéu suat phat hién ngoai lai (16p 1)
khong cao. Nhw vdy, tham s6 F1-score la 0,95 cho
16p 0 va 0,69 cho 16p 1, cho thidy phwong phap cé
hiéu suit tét trong viéc xac dinh cac diém dir liéu
binh thwong (16p 0), nhung kém hon trong viéc
phéat hién cac diém dit liéu ngoai lai (16p 1).

Bdng 1. Két quad ddnh gid ctia cdc phwong phdp
trong phdt hién ngoai lai ctia chudi toa dé GNSS.

, , . F1-
Phwong phap | Lép | Precision | Recall score
Isolation 0 1,00 0,99 0,99
Forest 1 0,93 1,00 | 0,96
LOF 0 0,87 0,99 0,93

1 0,77 0,16 0,27

0-M SVM 0 0,93 0,98 0,95
1 0,83 0,59 0,69
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Receiver Operating Characteristic

1.0 4
0.8 1
0.6 1
0.4+
0.2 1
,/ —— lsolation Forest (AUC = 0.99)
e Local Outlier Factor (AUC = 0.58)
004 ¥ —— One-Class SVM (AUC = 0.78)

0?0 0:2 0T4 DTE U:B 1.Y0
False Positive Rate
Hinh 3. Pwong cong ROC ctia cdc phwong phdp
trong phdt hién ngoai lai ctia chudi toa dé GNSS
diém SYNC (Trong dé: Receiver Operating
Characteristic - Tinh chdt hoat ddng ctia mdy thu;
True Positive Rate - Ty 1€ vi tri thuwc; False Positive
Rate - Ty 1€ sai s6 vi tri).

Két qua tinh dwong cong ROC va dién tich
dwéi dwong cong AUC dwoc thé hién trong Hinh 3.

Hinh 3 cho thiy, phwong phap Isolation Forest
6 dién tich dwéi dwong cong ROC (AUC) 1a 0,99,
gan véi 1, cho thdy mé hinh c6 kha nang phéan loai
tot gitra cac diém dir liéu binh thuong va ngoai lai.
Phwong phap 0-C SVM kém hon, c6 AUC la 0,78,
twong déi 1ém, cho thdy mo hinh c6 kha nang phan
loai twong d6i tot gitta cac diém dir liéu binh
thwong va ngoai lai, nhung chwa dat dwoc mic
danh gid cao nhuw Isolation Forest. Trong khi do,
phwong phap LOF c6 kha nang phin loai kém nhat
gitra cac diém dir liéu binh thwong va ngoai lai véi
AUC thép (0,58).

Nhu vay, vdi s6 liéu chudi toa dd diém GNSS
ctia diém SYNT, két qua phat hién ngoai lai trong
chudi bing cac phwong phap hoc may cho thdy
phwong phap Isolation Forest c6 hiéu suit t6t nhat,
vGi dd chinh xac cao, kha ndng tim ra hau hét cac
diém dir liéu ngoai lai va dién tich dwdi dwong cong
ROC (AUC) gan véi 1. Local Outlier Factor c6 hiéu
suit kém hon, ddc biét trong viéc phat hién cac
diém dit liéu ngoai lai. 0-C SVM c¢6 d6 chinh xac
twong ddi cao trong viéc xac dinh cac diém dir liéu
binh thwong, nhung cé hiéu suit kém hon trong
viéc phat hién ngoai lai.

5.Kétluan

Cac ngoai lai xudt hién trong chudi toa do
GNSS la hién twgng phé bién, chiing lam gidm chat
lwong, dd chinh x4c cua chudi toa d, viéc loai bo
ngoai lai la cin thiét khi xt¥ Iy s6 liéu. Trong nghién
clru ndy, nhém nghién clru da tao chudi toa do
GNSS ctia diém SYNT, véi ty 1€ ngoailaila 15%, mot
ty 1é 16n ma cac phwong phap thong thwong khong
hiéu qud, va phat hién ngoai lai trong chudi nay
bang cach st dung ba phwong phap hoc may:
Isolation Forest, LOF va O0-C SVM. Két qua nghién
ctru cho thay:

Phwong phéap Isolation Forest dat dugc hiéu
suit tét nhit trong viéc phat hién ngoai lai. M6 hinh
nay c6 do chinh xac cao, khad nang tim ra hiu hét cac
diém dir liéu ngoai lai va dién tich duwdi dwong cong
ROC (AUC) gan véi 1. Cac chi s6 Precision, Recall va
F1-score déu cho thay hiéu suit tot cia mo hinh
trong ca hai 16p dit liéu ngoai lai va di liéu binh
thwong, Phwong phap Local Outlier Factor cho thay
hiéu suit kém hon so véi Isolation Forest, dac biét
la trong viéc phat hién cic diém dir liéu ngoai lai.
Mo hinh nay c¢6 d6 chinh xac thip va khéng c6 kha
ning phat hién nhiéu diém dir liéu ngoai lai.
Phwong phap One-Class SVM c6 do chinh xac
twong déi cao trong viéc xac dinh cac diém dir liéu
binh thwong, nhung hiéu suit phat hién ngoai lai
khong cao. M6 hinh nay c6 kha nang tim ra hau hét
cac diém dit liéu binh thwomng, nhung van con kém
trong viéc phat hién cac diém dir liéu ngoai lai.

Dua trén két qua danh gia va so sanh, phwong
phap Isolation Forest 1alwa chon t6t nhat trong viéc
phat hién ngoai lai trong chudi toa dd GNSS ctia
diém SYNT, né dat dworc hiéu suit tét, d6 chinh xac
cao va kha nang phat hién nhiéu diém dir liéu ngoai
lai.

Trong hwéng nghién ciu tiép theo, nhéom
nghién ciru hwéng téi ning cao hiéu suit va do
chinh xac ctia cac phwong phap may hoc trong phat
hién ngoai lai trong chudi toa dd GNSS, trén co s&
ap dung cac ky thuit mai, phat trién cic phwong
phap két hop khac nhau dé tin dung wu diém moi
phuwong phap.

Pong gop cua tac gia
Tran Dinh Trong - Pwa ray twdng nghién ctru
va kiém tra két qua tinh toan, hoan thién ban thao;

Nguyén Dinh Huy - Thuc hién tinh ton trén co s&
ly thuyét, 14p trinh Python, viét ban thao.
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