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Abstract. GNSS-mounted data collected from vehicles has become a critical source for urban
traffic research and management due to its ability to continuously capture position, speed,
and trajectory in real time, thereby supporting the estimation of traffic density, average speed,
travel time, congestion detection, and mobility behavior analysis. However, in urban
environments, GNSS accuracy is often degraded by multipath effects, satellite signal
obstruction caused by high-rise buildings, and device limitations, leading to noisy speed
measurements, outliers, and missing data, which can significantly bias results if raw data are
used directly. This study proposes a three-stage preprocessing framework: (i) applying a
Hampel filter to detect and replace outliers based on the median; (ii) reconstructing missing
data using conditional linear interpolation for short gaps, combined with neighboring value
propagation methods (LOCF and NOCB) for boundary segments; and (iii) employing a
Kalman filter to smooth the speed time series and eliminate near-zero values caused by GNSS
noise. The results demonstrate that the proposed approach effectively restores a continuous
speed profile, reduces measurement noise, and enhances data reliability for subsequent urban
traffic analysis.
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Tém tat. Dir lieu GNSS gan trén phuong tién dang trd thanh ngudn thong tin quan trong
trong nghién ciru va quan 1y giao thong d6 thi nho kha niang ghi nhén lién tuc vi tri, van tdc
va quy dao theo thoi gian thuc, qua do hd trg uéc luong mat do phuong tién, tde do trung
binh, thoi gian hanh trinh, phét hién un tic va phan tich hanh vi di chuyén. Tuy nhién, trong
moi truong d6 thi, 6 chinh xac cuia GNSS bi suy giam do da duong dan, che khuét vé tinh
va han ché thlet bi, din dén nhiéu van téc, gia tri ngoai lai va thleu dur liu, gay sai 1éch néu
sir dung truc tiép dit liéu tho. Nghién ctru dé& xuat quy trinh tién xur Iy ba budc gém: (i) sir
dung b loc Hampel dé phat hi¢n va thay thé cac gia tri ngoai lai dua trén trung vi; (ii) tai tao
dir ligu thleu bang ndi suy tuyén tinh ¢ diéu kién cho cac doan ngan két hop phuong phap
lan truyen gia tri 1an can (LOCF, NOCB) cho céac doan dau va cu6i; (iii) ap dung bo loc
Kalman dé 1am muot chudi van toc va loai bo cac gia tri gan 0 do nhiéu. Két qua cho thay
phuong phép gitip tai tao chudi dit liéu lién tuc, giam nhiéu va nang cao dd tin cdy cho phan
tich giao thong do thi.

Twr khoa: ITS, GIS, GNSS, Hampel filter, Kalman filter, Giao thong d6 thi.
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1. PAT VAN PE

Hé théng dinh vi vé tinh toan cau (Global Navigation Satellite System- GNSS) da tr¢ thanh
mét trong nhitng ngudn dit liéu quan trong trong nghién ciru va quan ly giao théng [1, 2]. Théng
qua viéc ghi nhan lién tuc vi tri, van tdc va thoi gian cua phuong tién, dir liéu GNSS cho phép
tai tao quy dao di chuyén, wéc lwong mat 6 phuong tién, tinh toan tdc do trung binh, phat hién
0N tic va danh gia hiéu qua cac giai phap phan ludng trong d6 thi. Vi chi phi thu thap thap va
pham vi quan sat rong, dit liéu GNSS ngay cang duoc str dung rong réi trong cac hé théng giao
thong thdng minh [3, 4].

Tuy nhién, chat luong dit liéu GNSS trong mdi truong dé thi thuong bi suy giam dang ké.
Nguyén nhan cha yéu bao gdm hién twong che khuat vé tinh boi nha cao tang, cay xanh va cac
cdng trinh ha ting, ddn dén mat tin hiéu hodc giam do chinh xac [5]. Hiéu ung da duong dan
(multipath effect) khién tin hiéu bi phan xa trude khi dén anten thu, tao ra gia tri van tic sai
léch 16n. S lugng Vé tinh quan sat dugc (visible satellites) thay doi lién tuc theo thoi gian, dic
biét trong khu vue do thi, 1am tang sai s6 tinh toan van téc. Ngoai ra, cac thiét bi giam sat hanh
trinh (GPS onboard units) véi tan suat ghi thip hogc d phan giai han ché ciing tao ra nhiéu ban
ghi khdng 6 on dinh. Két qua la chudi van téc GNSS thuong xuét hién gia tri nhiu dot bién, van
téc &m hoidc qué Ion, ciing cac doan di liéu bi thiéu NaN (Not a Number) kéo dai [6].

Néu sir dung truc tiép dir liéu GNSS thd, céc sai léch nay c6 thé 1am sai léch phan bé van
téc, gay sai s6 trong wdc lwong mat do phuong tién, tdc do trung binh hoac phan loai trang thai
di chuyén. Cac doan NaN lam dut quing chudi van téc, trong khi cac gia tri gan bang 0 xuét
hién do nhiéu tin hiéu co thé dan dén danh gia sai vé tinh trang tic duong. Do d6, viéc xay dung
mot quy trinh tién xu ly dir liu GNSS toan dién, 6n dinh va c6 kha nang khoi phuc chudi van
toc lién tuc 1a yéu cau bat budc trude khi tién hanh cac budc phan tich giao théng [7].

Nham giai quyét cac van dé trén, nghién ctru nay trinh bay mot quy trinh tién xir ly nang
cao gom ba budc: (i) sir dung Hampel filter dé phét hién va loai bo gia tri ngoai lai van tc 16n
bat thuong; (i) khoi phuc di lidu van téc bi thiéu thdng qua mé hinh noi suy két hop bao gom
Conditional Linear Interpolation (CLI), Last Observation Carried Forward (LOCF) va Next
Observation Carried Backward (NOCB); (iii) ap dung Kalman filter d¢ hiéu chinh trang thai
chuyen dong va loai bo cac van tdc nho do nhidu tin hiéu. Quy trinh d& xuét gilp tai tao chudi
van tbc GNSS day du, giam nhiu do va nang cao do tin cay cua di liéu phuc vu phan tich giao
thong do thi.

2. PHUONG PHAP NGHIEN CUU

Phuong phap nghién ctru dugc Xy dyng nham cai thién chat lwgng dir liéu van toc GNSS
trude khi dua vao cac md hinh phan tich giao thdng. Quy trinh gém ba budc chinh (Hinh 1): )
phat hi¢n va loai bo gia tri ngoai lai bang Hampel filter; (ii) khdi phuc toan bo dir lidu van toc
bi thiéu bang mé hinh noi suy két hop; va (iii) hiéu chinh trang thai chuyén dong bang Kalman
filter. Chudi xur ly nay gilp dit lisu GNSS tro nén 6n dinh, lién tuc va phd hop cho cac budc
phén tich chuyén sau ¢ giai doan sau.
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MODEL
| Logi bé gia 'fr_,i_i Xir ly gia t_r}'_tﬁféﬁi Dir li¢u dau ra
! ngogilai ! i (NaN) ! da hiéu chinh

Hinh 1. Quy trinh tién xu ly nang cao di liéu GNSS tir thiét bj giam séat hanh trinh gan trén
phuong tién giao thong cé dang ky kinh doanh van tai.
2.1. Loc ngoai lai bang Hampel filter
Hampel filter 1a phuong phéap phat hién ngoai lai dya trén trung vi, nham loai bo cac gia tri
dot bien trong chuoi thoi gian ma khong lam thay doi xu hudng di liéu [8, 9]. Vi moi diem
dix liéu xi, mot cira s6 trugt Wi cd kich thudc 2k+1 dugc xét:

Wi ={Xik coeesXiyeres X1} 1)
Trung vi trong ctra s6 dugc tinh theo:
m; = median(W;) (2)
Do léch tuyét d6i trung vi (MAD) duoc xéac dinh bang:
MAD; = median(| |xj-m,- | ), JEW; (3)

MAD dugc chuan héa dé wéc luong do léch chuan:
o, = 1.4826 MAD, @)
Mot diém duoc coi 1a ngoai lai néu thoa diéu kién:
|xi-m;|>n.0, (5)

Trong d6: hé s n 1a ngudng phat hién ngoai lai cua bo loc Hampel, ding ‘de; xac dinh muc
d6 sai léch cho phép cua mot quan sat so vai trung vi. Gia tri n cang I6n thi dieu kién phat hién
ngoai lai cang nghiém ngét. Trong nghién ctru nay, n duoc lya chon theo khuyéen nghi pho bien
trong tai liéu tham khao dé can bang gitra viéc loai bo nhiéu va bao toan xu thé dir liéu.

Khi @6, gia trj bi thay thé bang trung vi:

X, =m; (6)

Nguoc lai, néu khong vuot ngudng, dit lidu gitr nguyén gia tri ban dau.

Hampel filter duoc &p dung d¢ loai bo cac gid trj van toc bt thuong sinh ra do nhiéu GNSS,
da duong, hoac 16i thiét bi. Bo loc hoat dong bang cach so sanh tirng diém van toc vai trung vi
cua nhom diem lan can va danh dau cac ,gié tri co sgi Iéch qué lon. Cac diém ngoai lai dugc
thay thé bang trung vi, gilp chudi van toc tré nén 6n dinh hon, giam nhiéu dot bién va git
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nguyén xu thé chuyén dong cua phuong tién. Didu nay tao diéu kién thuan loi cho cac budc xr
ly tiép theo nhu ndi suy dir liéu thiéu va loc Kalman.
2.2. Khéi phuc dir liéu thiéu bing mé hinh néi suy két hep CLI véi LOCF va NOCB

~ Sau khi loai bo cc gié tri bt thuong, dit ligu GNSS van con xuat hién nhiéu doan NaN do
mat tin hi¢u. D¢ tai tao chuoi van toc day du theo thoi gian, mo hinh ndi suy ket hop duoc ap
dung gom ba thanh phan.

( .
| V; Néu v; £ NaN
Ve 4 Vii  NéuVi=NaNviténtaiVi;# NaN  (LOCF) )
! Vie; NéuV;=NaNvatontaiVisj# NaN  (NOCB)
4
=V 1+I;:Z: itz"/ -tg.p) Vi€ [km] Néu Néu Vi = NaN v ton t6i Vi Vs 1 i sai. (CLD

~ CLI duoc sir dung cho céc doan dir ligu bj thiéu nam giira hai gia tri van toc hop I¢ lién
tiep. Phuong phép nay ndi suy tuyen tinh theo thoi gian nham dam bao su lién tuc va xu huéng
van toc khong bi thay doi dot ngot. CLI dac biét hiéu qua doi véi cac khoang mat tin hiéu ngan.

DAi voi cac doan NaN nam & dau chudi, cudi chudi hoac khoang mat tin higu dai khdng
thoa dieu kién cua CLI, hai ky thuat LOCF va NOCB duoc ap dung. LOCF thay thé NaN bang
gia tri hop 1¢ gan nhat phia trudc, trong khi NOCB st dung gia tri hop 1€ gan nhat phia sau. Hai
ky thuat nay giup tranh ngoai suy tuyén tinh va gir 6n dinh chuoi van toc [10].

Xu 1y cac truong hop dac biét nhu truong hop mét phuong tién chi ¢é duy nhat mot gia tri
van toc hop 1€, toan b chuoi dugc gan bang gia tri nay. Néu phuong tién khong c6 bat ky gia
tri hop I€ nao, van toc dugc thay bz}ng gia tri trung binh cua toan bo tap di liéu. Dicéu nay dam
bao khdng con gié tri NaN trong bat ky chuoi nao.

2.3. Hiéu chinh vén toc bang Kalman filter

Kalman filter dugc su dung (‘ié lam muot chudi van tbc GNSS va loai bo cac gia tri nhiéu
[11, 12], dédc biét la cac van toc gan bang 0 km/h phat sinh do tin hi¢u khong on dinh trong moi
truong do thi. B loc md ta van toc dudi dang mé hinh trang thai tuyen tinh:

X5 = Xyt Wi 2= Xt Vg (8)

Trong d6 xk 1a van toc thuc, zk 12 van toc do tir GNSS, con wk va vk lan luot 1a nhidu qua
trinh va nhiéu do.

Qua trinh uéc lwong gém hai budc:
(i) Dw doan

Xkk-1y= X1 1k-1y Piitk-1y~ Pii-11k-1yF @ )
(ii) Cap nhat
kg = Ry K (2 T 1) (1)

Kalman filter giup giam nhidu do dét bién, hiéu chinh cac van téc 0 km/h khdng thuc, va
khoi phuc chuoi van toc lién tuc, 6n dinh. Pay 1a budc cuoi trong quy trinh tién xir ly nham
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nang cao chat lugng dir liéu GNSS trudc khi phan tich bai todn vé phan cum xac dinh diém tac
nghén giao thong trong khu vyc do thi.

3. THUC NGHIEM

3.1. Pic diém dir liéu

Bo dit liéu duoc thu thap tir hé thng dinh vi vé tinh toan cau GNSS (Global Navigation
Satellite System) gan trén cac phuong tién giao théng hoat dong trong khu vire d thi. Dit liéu
gom hon 1.048.000 ban ghi duoc ghi nhan lién tuc theo thai gian tir mot don vi cung cap thiét
bi giam sét hanh trinh trén thanh ph Ha Noi, véi mdi dong dir liéu chira cac truong thong tin:
thoi gian (timestamp), ma dinh danh phuong tién, kinh d6, vi do, va van téc tinh toan (km/h).
Téng cong co 153 phuong tién mau tham gia trong bo dir liéu nay.

A re 3 '3 «R 1
Van toc cia cac xe dién hinh

250 T T T
—Xe 1289
—Xe 1307
Xe 1141
—Xe 1116
200 —Xe 1248H
—Xe 1035
—Xe 1233
—Xe 1034
P —Xe 1087
< 150 Xe 1269H
_E — Xe 1081
= —Xe 1365
2]
<
=
<100 | ‘
<> \
50 [l {8 ol 4 / | ‘ ‘ u
| ! T LR ] | Wi %\ | “ ‘N i I«l[
| [ ooy fl l ‘ ;" I‘ ll ‘ |
0 4]l A Al A ‘"J _‘ﬂl ” i [‘. L_A [ IL...-#
00:00 06:00 12:00 18 00 00:00

Thoi gian
Hinh 2. Tép mau van tdc theo thoi gian ciia mot sé xe dang ky kinh doanh vén tai dién hinh.

Qua phan tich so bo, dit liéu phan anh da dang céc trang thai chuyén dong cua phuong tién,
véi van toc trung binh khoang 15,94 km/h. Tuy nhién, cling ghi nhan mot sé bat thuong nhu
gia tri van toc cuc dai 1én téi ~280 km/h, 20 diém dit liéu vuot qua 200 km/h, va 156 diém bi
thiéu gia tri van tdc. Pang chu ¥, khong c6 dong nao ¢ van tdc bang 0, song ton tai khoang
26.690 diém c6 van toc rat nho (< 0,1 km/h), c6 thé 1a trang théi xe ding nhung bi nhiéu vi tri
GNSS (Hinh 2).

Bo dit liéu nay 1a co s& quan trong cho cac budc tién xu ly, lam sach dir liéu va phan tich
theo khung thoi gian nham nhan dién cac diém nong giao thong do thi, chi tiet & Bang 1.
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Bang 1. Thong ké moé ta chf?it luong dir liéu van tbc GNSS cua xe ding ky kinh doanh van tai-
161 tin hiéu va cach xir Iy nang cao.

STT Chisé Giatri  Ghi chd canh béo Phuong phip loc nhicu GPS /xr Iy loi tin
Tong s dong dit A T :
1 licu 1.048.575 Khéng &p dung (théng ké tong thé).
5 So6 lugng xe 153 xe Khong ap dung (chi thong ké so6 lugng
khao sét phuong tién).
3 B/Iir; toc trung ~k1r?1/?14 Trong khoang hop ly Khéng ap dung (thdng ké tong thé).
So dang c6 vin C6 thé 12 13 GPS hogc o ‘
A toc > 200 km/h 20 |6i tinh toan tw dong cia  Phat hi¢n va loai bo diem bat thuong bang
(Van téc 16n nhat thiet bi Giam sat hanh Hampel Filter
280.35 km/h) trinh
F Sk B ST . Xur ly dit liéu bi thiéu (NaN) phuong phap
5 S? dcing bi thicu 156 Th'eu,du I,'ﬁu, Caﬂ loai Conditional Linear Interpolation (CLI) dé
van toc (NaN) bo hoac xir ly noi suy A X: o lia
khoi phuc chuoi dir liéu.
26.690

Déi véi céc gia tri van tbc rat nho (< 0,1

o diém T . . , 2 .
Van téc rt nho Co thé la trang thai xe km/h), Kalman Filter dugc &p dung dé loai

6 (<0,1 km/h) (khong ~ dimg nhung bi nhiduvi  bo nhiu va xac dinh chinh xéc liéu
' c6 gia tri tri GNSS phuong tién dang dirng hay tin hiéu GNSS
=0) dang bi sai léch.

3.2. Két qua tién xir ly dir liéu
3.2.1. Phét hi¢n va loai bé diém van téc 16n bat thwong bang Hampel Filter

Phén b6 vén toc (toan b dir li¢u) Phan bo vén toc (loc < 200 km/h)

300000 300000

250000 1 250000
= =
Qe Qe

= 200000 1= 200000
)] =
- -

= 150000 1% 150000
gn -1 1]
& i~
= |12

-2 100000 22 100000
7] 7]

50000 1 50000

0 : g 2 = 0 X 2
0 50 100 150 200 250 0 50 100 150 200
Vin tc (km/h) Vin toc (km/h)
@ (b)

Hinh 3. Biéu do phan bd van ‘téc cua t&p dir li€u: (a) Toan bd dit liu; (b) loc van tdc cao bat
thuong bang Hampel Filter (V > 200 km/h).

Trong tiéu chuan nhan dang ngoai lai cua Hampel, nghién ctru nay sir dung ngudng n = 3
(twong tng khoang 3o vai o udc Iugng tir MAD chuan hoéa), day la Iua chon pho bién trong
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phat hign ngoai lai bén viing (robust) nham loai bo céc dot bién van toc do nhiu GNSS (Hinh
3) ma van giir xu the dong hoc tong thé cua chuoi van toc. Ket qua mau 20 xe truge va sau khi
loc duoc thé hién trong Hinh 4.

T ruéc loc ElSau lgc

Top 20 xe: Van toc 16n nhat (Trude vs Sau loc

T T T T T T T T T T T T

300 T T T T T T

toc 16n nhét (km/h)
= S
(—] (—J

Van

>

4 s
\"qu\%’\b\’b&%\'f\\\\b‘b\“,aD‘B\%qm\“;’e\'bb&\\b‘m\\\\\'bq‘b\"bb'q\g’\\%b‘ '\"JD‘Q\Q%\\W‘L’L\"JQQ\“JQ'
Ma xe
Hinh 4. Nhom 20 xe c¢6 van toc 16n nhét (trudce va sau khi loc).

Bang 2. Két qua phan tich tbc d6 phuong tién trude va sau loc ngoai lai bang phuong
phép Hampel.

Tong Van toc Van toc Van toc 2 1A 0 2 1A 0
Data diém I6nnhat  Iénnhiat  trung binh Tynle /fnvuot -Ly |¢~rf> g;qut Sé xe
bat trudc loc sau loc sau loc tru(,ffgc %o/) gll(r)(é (% %) 0
thuong  (Km/h)  (Km/h) (Km/h) ¢ (70 :
1048575 48662 280,350 119,796 15,744 0,421 0,355 153
Trong do:
Ty 1& % vuot ngudng trude loc (%) 36 data c6 toe d6 >80 km/h 100% 100% = 0,421 % (12)
vu uong truo = i 7 = T =
v 1€ % vuot ngudng ¢ loc (% Téng sb data X 0 1048575X 0=0, ()
o . S6 data (da loc)co toc do >80 Km/h
Ty 1€ % vuot ngudng sau loc(%)= x 100% ~Toag575 X 100% = 0,355% (13)

Tdng s6 data

Bang 2 ¢ trén trinh bay céc chi s6 tong quan cua dir liéu tbc d6 phuong tién sau khi loc
ngoai lai bang thuat toan Hampel. Tong cong c6 1.048.575 ban ghi tir 153 xe, trong d6 48.662
diém bi phat hién 12 bat thuong va da dugc xir ly. Sau loc, van téc cuc dai giam tir 280,35 km/h
xuéng 119,79 km/h va van téc trung binh con 15,74 km/h, phan anh dix liéu thyc té hon. Pong
thoi, ty 1é vuot ngudng toc do ciing giam tir 0,421% xudng con 0,355%, cho thay dir liéu sau
xtt ly chinh xéc va tin ciy hon dé phuc vu phan tich.

Trong thuat toan Hampel duoc &p dung trong nghién cizu nay, viéc thay thé cc gié tri van
téc bat thuong khong duoc thuc hién mot cach ngau nhién ma dya trén mot dai lwong thong ké
¢6 do 6n dinh cao, trung vi (median). Cu thé, khi mot diém dix liéu duoc xac dinh 12 ngoai lai,
thuat toan khdng loai b6 hoan toan diém dé ma thay thé bang gia tri trung vi dugc tinh toan tir
mot “cira s6 truot” gdm C4c quan sét 1an can c6 kich thude xac dinh. Trong nghién ciu nay,
ctra s6 truot duoc thiét 1ap vai ban kinh k= 7, nghia 1a tong cong 15 diém dit liéu (bao gdm 7
diém trude, diém hién tai va 7 diém sau) dugc xem xét khi danh gia mdi quan sat. Gia tri trung
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vi dugc xéc dinh bang céch sap xép 15 gié trj van toc trong cira s6 theo thi tu ting dan va chon
gia tri ndm & vi tri trung tam cua day da sap xép. Phuong phap thay thé nay giup duy tri déc
trung dong hoc cua chudi van téc, giam thiéu tac dong cua cac bién dong bt thuong va dam
bao tinh lién tuc cua dit liéu ma khong lam sai léch két qua trong cac phan tich théng ké tiép

theo.

3.2.2. Xir ly dir liéu bi thiéu (NaN) bing két hgp CLI véi LOCF va NOCB

Input:
Bdng T vai cdc cot:
MaXe . ma xe
ThoiGian : thoi gian

Speed Filtered km_h: vén toc sau Hampel (cO
thé c6 NaN)
Output:
Speed CLI km h  : vdn toc sau khi dién day
IsCLIInterpolated : co danh ddu cdc gid tri dege
dién (TRUE/FALSE)

Thudt toan:
1. Sip xép T theo (MaXe, ThoiGian).
2. Gan:
speed0 = T.Speed_Filtered_km_h
veh  =T.MaXe
time = T.ThoiGian
speed CLI = speed0  //ban sao dé cdp
nhat

IsCLIInterpolated = FALSE cho moi dong
3. Tinh vin téc trung binh toan bo:

globalMean = gia tri trung binh cua speed( (bo
gua NaN)
4. Véi moi xe vID trong tdp cdc gid tri khdc nhau ciia
MaXe:

Ldy chi 6 idx cdc dong c6 MaXe = vID

v = speedO(idx)  // chudi vin toc ciia xe vID

t = time(idx) Il Chudi thoi gian tirong iing

N = chiéu dai v

Xac dinh:
validMask = (v khong phai NaN)
nValid = s6 phan tir TRUE trong validMask
Néu nValid = 0:
// xe khéng cé van toc hop 1é
gan v(i) = globalMean cho moi i = 1..N
danh ddu IsCLIInterpolated(idx(i)) = TRUE
Nguoc lgi néu nValid = 1:
// chi ¢é 1 diém vn toc
v_single = gid tri duy nhadt cia v tai
validMask = TRUE
v6i moi i = 1..N néu v(i) la NaN:
gan v(i) = v_single
IsCLIInterpolated(idx(i)) = TRUE
Nguoc lai (nValid > 2):

Dé xir ly cac ban ghi thiéu van toc
(NaN), nghién cuu sir dung phuong phap
Conditional Linear Interpolation (CLI).
Truéc tién, chudi van téc caa ting
phuong tién dugc sip xép theo thoi gian
va quét dé xac dinh cac doan NaN lién
tiép. Voi mdi doan thiéu dir liéu, tong
thoi gian gian doan dugc tinh theo biéu
thaec:

= Y (tigr — )

Trong d6: k va m lan luot 14 chi
sb bat dau va két thic cua doan bi thiéu
van toc. Néu tong thoi gian gian doan
théa mén diéu kién:

(14)

AT < Trax (15)

V6i Tmax= 5 pht (nguong duoc
lya chon duya trén dac thu mat do va tan
suit thu thap dir liéu GNSS cua nghién
clru nay), va dong thoi tn tai gia tri van
téc hop 1& ngay trudc (Vk-1) va ngay sau
doan thiéu (Vm+1), van toc tai cac diém
trong doan NaN duogc udc lugng béng
noi suy tuyén tinh theo thoi gian (CLI)
theo cong thic (7).

Trong truong hop AT > 5 phat
hodc khong co diém hop 1é bao quanh,
c4c gia tri NaN duoc gitr nguyén nham
tranh tao ra cac udc luong khdng phan
anh dung dong hoc cua phuong tién. Cac
diém nay dugc loai khoi nhitng phan tich
phu thudc vao van téc ¢ cac budc tiép
theo. Phuong phép CLI cho phép khoi

336




Tap chi Khoa hoc Giao théng van tai, Tap 77, S6 03 (4/2026), 328-341

4.1 Chuyen t sang dang 56:
t num = chuyén ThoiGian sang sé
t_valld =t_num(validMask)
v_valid = v(validMask)
4.2 Néi suy tuyén tinh cho NaN nam gitra:
taov_mid =v
Vv6i moi i ¢6 v(i) = NaN va t_num(i) nam
trong [min(t_valid), max(t_valid)]:
v_mid(i) = ndi suy tuyén tinh tir (t_valid,
v_valid)
(cdac NaN o ngoai khodng trén giit nguyén)
4.3 Forward-fill (LOCF) cho NaN phia sau:
v_ffill =v_mid
V6ii tir 2 dén N:

v_ffill(i) = v_ffill(i-1)
4.4 Backward-fill (NOCB) cho NaN phia
trueoc:
v_bfill = v_ffill
véi i tir N-1 xudng 1:
néu v bfill(i) = NaN va v_bfill(i+1)
NaN:
v_bfill(i) = v_bfill(i+1)
4.5 Cdp nhat két qua:
voimoii = 1..N:
néu v(i) ban dau la NaN va v_bfill(i)
khong phai NaN:
speed_CLI(idx(i)) = v_Dbfill(i)
IsCLIInterpolated(idx(i)) = TRUE
5. Gan:
T.Speed_CLI_km_h =speed_CLI
T.IsCLIInterpolated = IsCLIInterpolated
6. Sir dung Speed CLI km_h lam chudi vin toc da
lam sach
cho cdc bude phan tich tiép theo (phdan cum, mdt
do, v.v.).

néuv_ffill(i) = NaN va v_{fill(i-1) # NaN:

phuc chinh xac cac khoang thiéu dir liéu
ngén, dong thoi han ché sai léch khi gap
cac gian doan dai.

Trong qué trinh thu thap di liéu
GNSS, cac ban ghi van tc c6 thé xuét
hién gié tri thiéu (NaN) do mat tin hiéu
hoic che khuit vé tinh. Dé tai tao chudi
van téc lién tuc phuc vu phan tich,
nghién ctu sir dung hai phuong phéap bd
sung nhau: ndi suy tuyén tinh c6 diéu
kién (CLI) cho cac doan thiéu ngin c6
diém bao quanh, va phuong phap mo
rong CLI két hop LOCF-NOCB dé xir ly
cac truong hop mat dix liéu dai hoac nam
& dau/cudi chudi dit liéu.

M@ hinh gop cho phép xu ly toan
bo gia tri van tdc bi thiéu bang cach wu
tién noi suy tuyén tinh (CLI) khi doan
NaN nam gitra hai quan séat hop 1¢, va ap
dung LOCF hoic NOCB cho cac diém
thiéu & dau hodc cudi chudi. Cach tiép
can két hop nay gilp téi tao day du chudi
van téc GNSS ma khéng tao ra sai léch
Ié6m, dam bao dix liéu dau vao 6n dinh cho
cac phan tich tiép theo. Chi tiét cac budc
xt ly nam ¢ Hinh 5.

Hinh 5. Pseudo code xir Iy dit liéu bi thiéu (NaN).

Két qua thuc nghiém cho thiy dic trung phan bd van toc gén nhu khong thay doi sau khi
ap dung CLI, chung t6 phuong phap nay duy tri tinh 6 6n dinh thong ké va dam bao chit lugng
dir liéu déu vao cho cac bude phan tich diém ndng giao thong.

Két qua cho thay thuat toan noi suy tuyén tinh c6 diéu kién (CLI) hoat dong 6n dinh va phi
hop véi dic trung ciia chudi van tbc GNSS. Trén Hinh 6, ¢ biéu d6 (6a), doan dit liéu bi thiéu
dugc khdi phuc muot ma, bam sat xu hudng van tc 1an can ma khong 1am thay doi hinh dang
chung cua chudi. Khung nét dirt giup xac dinh rd pham vi ngi suy.

Hai biéu do phan b6 van tdc bén phai cho thay su khéc biét truéc va sau noi suy 12 rét nho.
Phén bo sau CLI gan nhu tring véi dir liéu goc, dong thoi khdng xuat hién gid tri bat thuong.
bicu nay khang dinh CLI chi b6 sung thong tin tai cac doan thieu ngan ma khong lam sai léch

dic tinh théng ke.
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Hinh 6. So sanh dir liéu van tdc trudc va sau ndi suy tuyén tinh c6 diéu kién (CLI): (a) Chudi
van toc theo thoi gian; (b) Phan bd vén toc twong ung.

Nhin chung, phuong phap CLI giup tai tao chudi van toc lién tyc, bao toan cau trac dong
hoc cua dit liéu va dam bao do tin cay cho céc phén tich tiép theo nhu phan cum giao théng,
ude lugng mat do hay mé hinh héa dong xe.

3.2.3. Khir nhiéu va lam mwot van téc GNSS bang Kalman Filter

Chudi van toc GNSS truérc va sau Kalman (1 xe minh hoa)

Sau buoc 2 (CLI)
50 F Sau t(alma.n |
— — —Ngwonggan 0
40 2
=
£
X 30 T
o
S
ol
> 20T i
1071 T
Nguéng
0 B 1 1 1 — l_ ]
06:00 12:00 18:00 00:00
Thoi gian

Hinh 7. So sanh dit liéu van téc trude va sau khi loc Kalman.

Trong Hinh 7 bén dudi cho théy Kalman Filter da lam muot chudi van toc GNSS mot cach
hiéu qua, dic biét tai cac doan ma dir liéu xuat hién nhiéu dao dong nho hoic cac gia tri gan
bang 0 km/h do nhidu tin hiéu. Puong van téc sau 4p dung Kalman tré nén 6n dinh hon, giam
dang ké cac bién dong bat thuong va bam sat xu hudng chuyén dong thuc cia phuong tién.
Viéc loai bo hoan toan céac van toc 0 gia (khong phai trang thai dirng that) cho thdy Kalman
Filter hoat dong hiéu qua trong viéc hiéu chinh dit lidu van téc va nang cao do tin cay caa chudi
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GNSS.

Két qua chay chuong trinh cho thiy viéc &p dung Kalman Filter ddi voi chudi van téc
GNSS sau khi da xir Iy ngoai lai va noi suy dem lai hiéu qua rat cao trong viéc 1am sach dix liéu.
Toan bd 26.690 diém c6 van tc gan bang 0 km/h do nhiéu tin hiéu GNSS da duoc loai bo,
phan anh kha niang hiéu chinh manh caa b loc dbi vai céc gié tri do khong thuc.

Trong Bang 3, d6 léch chudn giam tir 15,264 xubng 13,916 km/h cho thay chudi van tdc
sau loc 6n dinh hon va it dao dong bat thuong hon. Gia tri trung binh vén téc hau nhu khong
thay ddi (tang 0,36%), chirng to Kalman Filter [am muot dit li¢u nhung khong lam sai 1éch van
téc that ciia phuong tién bang bén dudi.

Bang 3. Thing ké chat lugng van toc trude va sau khi st dung phép loc Kalman.

STT Chi tieu }(T;‘r‘;]":n ‘ asl";‘r‘]‘an Thay déi
1 Tong s6 xe 153 153 Khéng
2 S6 di(ésmojlfrli r?/% )gﬁn 0 26.690 0 Giétl(ljlalrl]oén
3 Ty 1é diém gan 0 2,545% 0% Giam 100%
4 Gia tri trung binh (km/h) 15,744 15,801 + 0,36%
5 D6 1éch chuén (km/h) 15,264 13,916 - 8,8%

Phan b van téc sau loc ciing tré nén tron tru va hop 1y hon, phii hop cho céc phan tich
giao thong tiép theo nhu nhan dang trang thai chay dirng, phan cum, hoic mé hinh héa luu
luong. Nhin chung, két qua chirg minh rang viéc bo sung budc Kalman sau Hampel va ngi suy
1a can thiét va mang lai cai thién rd rét vé chat luong dit liéu GNSS.

4. KET LUAN VA KIEN NGHI

Nghién ciru da dé xuat va trién khai mot quy trinh tién xi Iy nang cao cho dir liéu van téc
GNSS gom ba budc: (i) phét hién va loai bo gid tri ngoai lai bang Hampel Filter, (ii) tai tao dir
liéu thiéu thong gua md hinh noi suy két hop, va (iii) lam muet va hi¢u chinh van toc bang
Kalman Filter. Két qua thuyc nghiém cho thay chudi van tdc sau tién xu ly tré- nén lién tuc, on
dinh va it nhidu hon, dong thoi loai bo hoan toan céc gia tri van téc gan bang 0 km/h khdng
phan &nh trang théai di chuyén thuc caa phuong tién. Do léch chuan giam déng ké va phan b
van téc tra nén hop 1y hon, chitng minh hiéu qua cua quy trinh trong viéc nang cao chat luong
dir liéu GNSS.

Quan trong hon, dit liéu GNSS sau khi tién xir Iy da dam bao du d6 tin cay dé sir dung
trong c4c tac vu phan tich nang cao, dic biét 1a phan cum trang théi giao thong, phét hién bét
thudng, wdc luong mat do phuong tién va nhan dang tic nghén dé thi. Viéc cai thién chat luong
dir liéu dau vao gitp cac md hinh phan tich van hanh 6n dinh hon, giam sai s6 va phan anh
chinh xac hon hién trang giao théng, gép phan nang cao hiéu qua giam sat, quan 1y va diéu hanh
giao thong do thi.

Mic du quy trinh tién xu 1y dé xuat cho thay hiéu qua trong viéc cai thién chat lugng chudi
van toc GNSS, nghién ctru van con mot so6 han ché. Viéc danh gia hiéu qua chﬁ,yéu dua trér]
cac chi so thong ké va phan tich xu hudng, trong khi chua co dir li¢u tham chiéu doc lap dé
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kiém chimg do chinh xc tuyét doi. Bén canh do, mo hinh Kalman st dung gia dinh dong hoc
tuyén tinh, co thé chua phan anh day du cac hanh vi chuyén dong phuc tap trong méi truong
giao thong do thi.

Trong cac nghién cuau tiép theo, phuong phap c6 thé duoc mé rong bang cach tich hop
thém théng tin ngit canh hoic dit liéu bd trg dé diéu chinh tham sé loc linh hoat hon. Chudi van
tc GNSS sau tién xir 1y ciing c6 thé duoc khai thac hiéu qua cho céc bai toan phan cum trang
thai giao théng va phat hién tic nghén trong do thi.
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