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CAC PHUONG PHAP CHUAN HOA DU LIEU THUY VAN
AP DUNG CHO TRAM 74129 - YEN BAI

Ping Vin Nam!, Hoang Quy Nhén?, Ngé Vin Manh?3, Nguyén Thi Hién*

Tém tit: Dir lidu muc nude (water level) tai cdc tram trén séng hién nay chu yéu dwoc thu thap
bang phirong phdp quan trdc thii cong véi tan sudt thu thap khéc nhau tiry thudc vao tieng thoi diém
trong nam. Cdc dit liéu nay can phai dwoc lam sach dé loai bé cdc diém bat thuong (Outliers), cdc
gid tri thiéu (Missing values), chudn héa vé dang chudi thoi gian (Time series).... Trong néi dung
cua bai bdao nay, nhom tac gia sé chi ra hién trang cua dir liu myc nuwoc thu thap dwoc tai tram
74129 - Yén Bai trong giai doan 9 nam tuw 01/01/2011 dén 31/12/2019; Day la cac dir liéu thuc 16,
dwoc cung cap boi Trung tam thong tin va Dir liéu khi twong thiy vin. Trén co sé hién trang ciia
tdp dir liéu nay, sé tién hanh thue nghiém cac phwong phdp lam sach dit liéu dé loai bo ngoqi lai,
thay thé gid tri thiéu bang phwong phdp néi suy va chudn héa dir liéu vé dang chudi thoi gian véi
khodng thoi gian cach déu nhau 3h. Dit liéu sau khi dd dwoc chudn héa, lam sach, dam bao tinh day

du va do tin cdy sé la yéu to quyét dinh toi do chinh xdc cua cac mé hinh dy doan, dy bao.

Tw khoa: Muc nudc, ngogi lai, dir liéu thiéu, chuoi thoi gian.

Ban Bién tap nhan bai: 12/04/2020

1. Pit van dé

Dt li¢u myc nudce thu thap tir cac tram quan
tric trén song co thé duogc thyc hién thong qua
quan trac thi cong (ghi nhan tryuc tiép gia tri cia
yéu t do trén thiét bi quan tric) hodc quan tric
t dong (ghi nhan gié trj cua yéu té do bang thiét
bi tu dong va truyén vé nguoi st dung theo nhu
cau) [1]. Hién nay, viéc quan trdc muc nudce trén
cac hé théng song chii yéu van sir dung phuong
phap quan tric thi cong, ngudi quan tric s& ghi
nhén gia tri trén thudc do myc nudc sau do gui
dir liéu nay vé trung tim dé luu trix, xtr 1y. Do
nhiéu yéu t6 chu quan va khach quan, dan dén
qué trinh ghi nhan gia tri va giri s6 liéu quan trac
vé trung tam bi sai sot, nham 1an, mat mat so véi
gia tri thuc té. Hon nira, tuy vao tung thoi diém,
mua vy trong nam ma ché do quan tric muc
nudc ciing khac nhau c6 thé chi 2 lan/ngay (7h,
19h), 4 lan/ngay (1h, 7h, 13h, 19h) hoic 8
lan/ngay (1h, 4h, 7h, 10h, 13h, 16h, 19h, 21h)
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vao thdi diém mua can, hodc thoi ky dau mua i
khi bién do muc nudc trong ngay nho; nhung co
thé tang 1én 12 1an/ngay (1h, 3h, 5h, 7h, 9h, 11h,
13h, 15h, 17h, 19h, 21h, 23h), hoac 24 lﬁn/ngéy
(Oh, 1h, 2h,...., 22h, 23h)... dugc ap dung trong
mua 1d khi muc nuée bién dbi trong ngay lon [1].
Vi vay, dir liéu thu thap dugc bi ngét quang va
khong lién tuc, thoi diém 1y dir liéu khac nhau
tiy thudc vao tirg mua trong nam, dic diém luu
vuce, dac diém tran mua, thoi gian 1i...Pay 1a cac
dr liéu dugc ghi nhan va luu trit theo thoi gian,
nhung lai khong phai 13 dir liéu chudi thoi gian
(Time series data). Do &6 khong thé ap dung cac
mo6 hinh dy bao chudi thoi gian nhu: MA,
ARMA, ARIMA, PARMA, GARMA.. .hay cac
mod hinh hoc may, hoc sau khac trong vié¢c xay
dung moé hinh dg bao myc nudc tai cac tram
quan tric, phuc vu viéc canh bao 1l hodc cac bai
toan lién quan khac [2-4].

Co6 thé thay, cac dir liéu quan tric muc nudc
thu thap va luu trir hién tai 1a cac dir li€u tho
(Raw data), cac dit liéu nay can phai duoc chuin
hoéa va lam sach (Data preparation) tradce khi su
dung cho bat ky muc dich gi, ddy 1a cong doan
bét budc va khong thé thiéu [5,6]. Két qua cua
nhiéu nghién ctru da chi ra rang, 80% thoi gian,
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cong strc va ngué)n Iuc ctia mot du an khoa hoc
dir liéu 12 ndm ¢ khau chuan bi dir liéu. Trong
cac phan tiép theo ctia bai bao, nhom tac gia s&
tim hiéu v& phuong phap thu thap va hién trang
dir liéu thuy van tai tram 74129 - Yén Bai trong
giai doan 9 nam tir ngay 01/01/2011 dén hét
ngay 31/12/2019, tor 46 xac dinh dugc nhiing
phuong phap chuin hoa dit liéu can thiét, phu
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hop voi tap dir liéu nay. Nhom tac gia st dung
cac thu vién, k¥ thuat 1ap trinh dé xay dung céac
module thuc hién viéc loai bo cac diém ngoai lai,
cc diém thiéu dit liu va chuan hoa dit ligu myc
nude vé dang chudi thoi gian. Cac phuong phap
tién xtr Iy dit liéu ap dung cho tram 74129 s& lam
co s6 ap dung véi cac tram quan tric thiy vin
khéc trén h¢ théng song H6ng noéi chung.
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Hinh 1. Vi tri ciia tram 74129 trén bang do Google Maps

2. Phuwong phap thu thap va hién trang dir
liéu thuiy van tram 74129 - Yén Bai

2.1. Phuwong phap thu thap dir liéu myc nuoc

Dir liéu myc nudc tai cac tram quan tric thuy
van trén song Hong néi chung va tram 74129 noi
riéng dugc thu thap bang phuong phap quan tric
thu cong. Hang ngay, vao cac thoi gian quy dinh
ngudi quan tric s& ghi nhan truc tiép gia tri muc
nude trén thiét bi quan tric sau d6 giri gia tri nay
vé Trung tdm Théng tin va Khi twong thity vin
dé Iuu trir va xtr 1y, phuc vu cho cac muc dich cy
thé. Hinh 1 thé hién vi tri ciia mot s6 tram trén hé
thong song Hong trong d6 ¢ tram 74129 - Yén
Bai.

Ché @6 quan tric muc nudc phai dam bao
phan anh dugc qua trinh dién bién muyc nudc mot
cach diy du, khach quan va phai c¢6 tinh kha thi
[1]. Theo TCVN 12636-2:2019 v&i quan tric thi
cong c6 8 ché do:

« Ché d6 1: Mbi ngay quan tric 2 lan vao cac
thoi diém: 7h, 19h; duge ap dung trong mua can
& cac song ving khong anh huong thuy tridu,
thoi ky bién do muc nudc trong ngay nho hon
hoac béng S5cm (AH < 5cm)

« Ché d6 2: Mbi ngay quan tric 4 lan vao cac
thoi diém: 1h, 7h, 13h, 19h; duoc ap dung trong
thoi ky bién do0 muc nudce trong ngay 16n hon 5
cm nhung nhd hon hoac bﬁng 10cm (5 <AH <
10cm), nhu ddu va cubi mua can & cic song
thudc ving khong anh huong thuy tridu.

« Ché d6 3: Mbi ngay quan tric 8 lan vao cac
thoi diém: 1h, 4h, 7h, 10h, 13h, 16h, 19h, 22h;
dugc ap dung trong thoi ky muc nude bién dbi rd
rét trong ngay, nhu thoi ky dau mua i & cac song
vura va 16n thudc vung khong anh huong thuy
tridu.

« Ché d9 4: Mdi ngay quan tric 12 lan vao cac
thoi diém: 1h, 3h, 5h, 7h, 9h, 11h, 13h, 15h, 17h,
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19h, 21h, 23h; dugc ap dung trong thoi ky muc
nude bién doi 16n trong ngay, nhu mua lii & cac
song vira va 1on, nhitng noi chiu anh hudng nhat
triéu c6 bién do nhé hon 1m.

« Ché d6 5: Mbi ngay quan tric vao cac thoi
diém: 1h, 3h, 5h, 7h, 9h, 11h, 13h, 15h, 17h, 19h,
21h, 23h. Ngoai ra trudc, sau chan, dinh (triéu
hodc 1ii) mdi gid quan trac 1 1an, duge ap dung
0 nhitng tram chiu anh hudng nhat triéu co bién
d6 tridu kha 16n (AH > 1m) va nhiing ngay c6 1
16n & song vua va 16n.

« Ché do 6: Mdi ngay quan tric 24 1an vao cac
thoi diém: Oh, 1h, 2h ..., 22h, 23h; duoc ap dung
trong thoi ky 1ii cta cac con séng, & cac tuyén
quan tric chiu anh huéng nhat tridu va anh
huong kha 16n ciia ban nhat triéu.

« Ché do 7: Mdi ngay quan tric 24 1an vao cic
thoi diém: Oh, 1h, 2h, ..., 22h, 23h. Ngoai ra
chan, dinh (triéu hodc 1li) cach 5, 10, 15 hodc 30
phat quan tric thém 1 1an. Khoang thoi gian
quan tric duoc xac dinh theo su bién ddi muc
nudc, nham quan trdc chinh xac tri s6 muc nude
va thoi gian xut hién ciia myuc nudc va thoi gian
xuét hién ctia muc nudce chan, dinh duoc ap dung
tai nhitng noi myc nudc chiu anh huong tridu
manh va tai cac séng, sudi nho trong thoi ky 1ii.

« Ché d¢ 8: Cach 5 phut, 10 phat, 15 phut
hoic 20 phit quan tric mot 1an, tir khi 1d 1én dén
hét tran 1d. Tai chan, dinh I quan tric day hon,
suon i 1én quan tric day hon suon li xudng.
Khoang cach thoi gian quan tric dugc xac dinh
theo su bién ddi cua cuong sudt muc nudc va
thoi gian kéo dai cua tran Ii. Cudng sudt muc
nudce bién dbi cang 16n, thoi gian 1ii cang ngén,
dé dam bao quan tric chinh xéc trj s6 muc nude
chan, dinh Ii va cac diém chuyén tiép cua tran Ii.
Can ndm virng dac diém luu vuce, dic diém tran
mua (cudng d6 mua, trung tim mua. ..) dé b tri
thoi gian quan tric [1].

V&i tram 74129 thuc hién theo cac ché do
quan tric tir 1 dén 6 tiry thudc vao timg didu kién
cu thé theo mua, theo tran 1ii.... Dit liéu sau khi
dugc ghi nhan s& duoc gui vé luu trir trong co
s¢ dir liéu cua Trung tam Thong tin va D licu
khi tugng thuy van. Dé thuan loi cho viée phan
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tich chung t6i da truy xuit cac dir liéu thiry vin
dugc luu trir trong MongoDB va tach dé 1dy sé
liéu trong giai doan 9 nim gan day (2011 -
2019); Dir liéu sau d6 dugc luu trit trong file
theo dinh dang .CSV (Comma Separated Values)
c6 tén Data_waterlevel 74129, bao gém thudc
tinh TimeVN: Cho biét thoi diém quan tric muc
nudc dinh dang YYYY-MM-DD hh:mm; va
thudc tinh 74129: Gia tri quan tric muc nude
(Water level) ctia tram 74129 tuong ung voi thoi
diém quan tric, don vi cm. Hinh 2 minh hoa 12
dong dit liéu dau tién trong tap di liéu.

TimeVN 74129
2011-01-01 7:00 2573
2011-01-01 19:00 2557
2011-01-02 1:00 2542
2011-01-02 7:00 2537
2011-01-02 13:00 2535
2011-01-02 19:00 2533
2011-01-03 7:00 2535
2011-01-03 19:00 2549
2011-01-04 7:00 2543
2011-01-04 19:00 2543
2011-01-05 7:00 2544
2011-01-05 19:00 2546

Hinh 2. Céu tric file
Data_waterlevel 74129.csv

2.2. Kham pha dir lieu myc nuoc tai tram
74129

Trudc khi dua ra cac phuong phap xtr ly va
chuin hoéa dit liéu thuy van cho tram 74129, ta
can phai kham pha va hiéu duoc chi tiét hién
trang cua céac sb liéu ndy. Bang 1 cho biét nhimng
thong sb tong quan nhit cua tap dit liéu quan
tréc.

Bang 1. Thong ké théng sé quan trdc
tai tram 74129

Théng s6 Gia tri
2011-01-01 7:00

2019-12-31 19:00

Thoi diém bt du (starttime)
Thoi diém két thic (endtime)

Téng sb diém quan tric (number) 26 586 diém
Muc nudc trung binh (mean) 2668.25 cm
D6 léch chuén (std) 176.04 cm
Muc nudc thz?ip nhat (min) 1.0 cm
Muc nudc cao nhat (max) 3312.0 cm
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Hinh 3 thé hién biéu dd théng ké s diém
quan tric theo ting nam, qua dé ta co thé thiy
rang s6 thoi diém quan tric thay d6i theo timg
ndm cao nhat 1a nam 2017 véi 3635 thoi diém
quan trac, thap nhat 1a nam 2011 véi 2002 thoi
diém. Mirc chénh 1éch 18n t6i 1633 diém dit liéu
quan tric.

Hinh 4 thé hién s6 liéu thong ké sb diém quan
tric theo timg thang, chung ta c6 thé nhan thay
tan sut quan tréc dit liéu muc nude thay ddi theo
ting thang trong nim, tin suit cao trong giai
doan tir thang 5 dén thang 10 hang ndm, cao nhit
tap trung vao thang 7 va 8; N6 cling phan anh
dung thoi tiét chung cua khu vuc khi giai doan
nay 14 vao mua Iii va cao diém mua i chi yéu
roi vao thang 7, 8.

3635
7896 2973

| 3383

2016 2017 2018 2019

3304
2942 A
2422
2002

1500
1000
500
o

2011 2012 2013 2014 2015
Nam

S8 diém quan trdc
N
2
3

Hinh 3. Biéu do thong ké sé diém quan trdc
theo nam

7962 | 3955

\ﬂ

g3
el

58 diém quan tric
NN
g 2

~\E:::jifﬁ

g

g7 |

E

5

Hinh 4. Biéu do thong ké sé diém quan trdc
) theo thang o
Hinh 5 the¢ hién so li¢u thong ké so diém quan
tric myc nude theo timg gid trong ngay. DE dang
nhan thiy tan suit 1iy s6 liéu cha yéu tap trung
vao cc thoi diém 1h, 4h, 7h, 10h, 13h, 16h, 19h,
22h; Cac thoi diém Oh, 2h, 6h, 8h, 12h, 14h, 18h,
20h rat it s6 liéu quan trac. S6 lidu nay co ¥ nghia
quan trong trong phan tiép theo khi thyc hién
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chuan hoa né vé dang chudi thoi gian s& dugc
trinh bay trong phan 3 cta bai bao nay.
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Hinh 5. Biéu do thong ké sé diém quan trdc
theo gio

3. Chuin héa dir liéu thity viin tram 74129

3.1. Phdt hi¢n va xi Iy cdc diém div ligu bit
thwong

Nhu da trinh bay trong ndi dung 2.1, dir licu
muc nudc tai tram 74129 duoc thu thap theo
phuong phap quan tric thi cong, vi vy trong
qué trinh ghi nhan dir liéu va truyén vé trung tAm
luu trir do céc nguyén nhan chu quan va khach
quan c6 thé xay ra cac sai sot 1am cho sb liéu bi
sai léch, bt thuong. Cac diém di liéu nay dugc
goi la ngoai lai (Outliers).

Mot diém ngoai lai 1a mot diém dir lidu khac
biét dang ké so véi phﬁn con lai cua tap dir licu.
Céc dir liéu ngoai lai thuong dugec xem nhu 1a
cac mau dir liéu dic biét, cach xa khoi phﬁn 16n
dir liéu khac trong tap dir liéu [7]. C6 nhiéu
phuong phap dé phat hién cac diém ngoai lai
nhu: Phan tich gia tri cuc tri (Extreme Value
Analysis); Cac mo hinh xac suit va thong ké
(Probabilistic and Statistical Models); Cac md
hinh tuyén tinh (Linear Models); Cac mo hinh
dua trén lan can (Proximity - based Models); Céac
mo hinh dua trén 1y thuyét thong tin (Informa-
tion Theoretic Models) [7,8,9].

Hinh 6 1a d6 thi biéu dién gia tri myc nudc
quan tréc tir nam 2011 dén nam 2019, truc quan
bang mit c6 thé dé dang nhén thiy c6 kha nhiéu
diém dir liéu ngoai lai trai (Left outliers) - cac
diém dugc danh ddu bang cac hinh tron mau do.
Pay 1a cac gia tri xem xét va kiém tra ngoai lai
trong tap dir ligu.

TAP CHi KHI TUQNG THUY VAN
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Hinh 6. 6 thi thé hién sé liéu muc nuéc quan trdc ciia tram 74129 trong gian doan twr 2011-2019

Dir li¢u myc nudc thu thap dugc 1a cac dir
liéu mot chiéu, nén phuong phap don gian va
hiéu qua dé co thé phat hién nhitng diém dir liéu
ngoai lai nay la s dung phan tich gia tri cu tri.
Hai phuong phap hiéu qua dé phat hién gia tri
cuc tri bao gdm Z-Scores va d6 thi Box-plot
[10].

Trong ndi dung thuc nghiém cho tram 74129,
nhom tac gia sir dung ngoén ngit 1ap trinh Python,
két hop voi mot sb thu vién ma ngudn mo hd tro
trong vi€c phan tich, xu 1y va tryc quan héa bao
gom: Pandas, Numpy va Matplotlib, toan b ma
ngudn duge viét trén hé théng Google Colab.

bé phat hién ngoai lai cho tap dir liéu myc
nudc quan trac, nhom tac gia sir dung biéu do6
Box-plot. Biéu dd Box-plot dugc sir dung dé do
khuynh hudng phan tan va xac dinh ngoai lai cua
tap dir liéu [10]. Hinh 7(a) 14 biéu d6 Box-plot
ctia tap dit liéu. Cac diém dit liéu nam ngoai vach
ngang thép nhit trong biéu d6 Box-plot duoc
xem xét 1a cac diém ngoai lai trai. Hinh 7(b) liét
ké danh sach 9 diém quan tric co gia tri nho nhat
trong tap dit liéu cach xa khoi phan 16n cac diém
khac. Dé c6 thé khang dinh day co phai la cac
diém dit lidu ngoai lai khong? Ciing nhu dua ra
duogc phuong an xir Iy phu hop véi cac diém nay,
chung ta can phai thuc hién kiém ching. Trong
phan dudi day nhém tac gia thuc hién kiém
chtng cho 2 diém dit liéu xem xét ngoai lai ghi
nhan vao 19h ngay 21/03/2011 va 7h ngay
23/03/2011, kiém chting ngoai lai cho cac diém
khac s€ dugc thuc hién tuong tu.

TAP CHI KHI TUQNG THUY VAN

1 #Loc outlier trai véi nguong <2100 cm
2 df_outlier = dt_74129_new['74129']
3 df_outlier[df outlier<2100]
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Hinh 7. Biéu do box-plot ciia tdp dir liéu (a);
Danh sach cdc diém quan trdc xem xét ngoqi
lgi trai (b) .

Theo nhu hinh 8(a) c6 thé thay ngay rang
muc nudc tai tram Yén Bai trong giai doan thang
03/2011 ¢6 2 diém quan tric c6 gié tri bién thién
d6t ngot. Hinh 8b thé hién muc do thay d6i muc
nude cia 2 diém quan tric nay so voi cac diém
quan trdc 1an can chénh nhau rét 16n; Thoi diém
19h ngay 21/03/2011 dir liéu myc nude ghi nhan
1598cm trong khi tai thoi diém quan tric lién
trudc no6 lac 13h ngay 21/03/2011 1a 2602cm
(mirc d6 chénh léch giam gitra hai thoi diém
quan tric 1a -1004cm) va thoi diém lién sau lic
1h ngay 22/03/2011 1a 2595cm (mtrc do chénh
léch tang gitra hai thoi diém quan tric 1a +997
cm). Mtic d6 thay doi dot ngot ciing xay ra tuong
tir voi thoi diém lac 7h ngay 23/03/2011. Thang
3 1a giai doan muia kho, theo nhu dit liéu cho thy
ché do quan tric dang thyuc hién theo ché d6 2 (6
tiéng mot 1an vao cac thoi diém 1h, 7h, 13h,
19h), Do d6 c6 thé khang dinh day 1a cac diém
ngoai lai, dir li¢u ghi nhéan va luu trir da bi sai
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1éch hoan toan so v&i dit liéu thuc té.
Céc diém dir liéu ngoai lai c6 anh huong rat
16n dén d6 chinh xac cta cac mé hinh dy doan,
du bao. Do do, yéu cAu bit budc 1a can phai dugc
phat hién va xu 1y chung. Phan trén da chi ra
cach dé phat hién cac diém nay, cau hoi dit ra 1a
s& xur 1y cac diém ngoai lai nay nhu thé nao?
C6 3 phuong phap dugc st dung dé xur 1y dir
lidu ngoai lai bao gdm: Loai bo cac dong chira
diém ngoai lai khoi tap dit lidu; Thay thé cac gia
tri ngoai lai bang mot gia tri khac phu hgp hon;
Thay thé gia tri ngoai lai bang gia tri NULL
(empty), xem xét day nhu 1a mot diém dir lidu
thiéu (missing value) [11]. Khong c6 mot
phuong phéap xu ly dir li¢u ngoai lai chung nao
dugc ap dung cho tat ca cic bai toan [12], vi vy
dé Iya chon dugc phuong phap phut hop can co
nhirng hiéu biét sau sic vé tap dir lidu, vé bai
toan giai quyét, co thé sir dung chi mot phuong
phap va/hoic két hop ca 3 nhoém phuong phap &
trén. Va thuc té vai dir liéu thuy van cua tram
74129, dé xir 1y dir liéu ngoai lai nhém tac gia da
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su dung ca 3 phuong phap nay trong tirng truong
hop cu thé. Trong truong hop diém ngoai lai ghi
nhan luc 19h ngay 21/03/2011 va luc 7h ngay
23/03/2011 c6 thé thay rang diém ngoai lai nay
gdy ra boi yéu td chil quan cia con ngudi trong
khi ghi nhan va guri dit lidu vé trung tam luu trif.
Day la thang mua khd, muc nudc dang cé xu
hudng giam va cudng do6 thay ddi thap. Gia tri
thuc té trong trudng hop nay la 2598cm va
2571cm nhung da bi sai 1éch thanh 1598cm va
1571cm. Do d6, véi truong hop nay s€ sir dung
phwong phép xir 1y 1a thay thé gia tri ngoai lai
bang gia tri méi phii hgp hon. Hinh 9 minh hoa
phuong phap thay thé va két qua sau khi xu 1y 2
diém ngoai lai nay.

Trén co s¢ phuong phadp va cach thirc nhu
trinh bay & trén, s& thyc hién viéc kiém chimng
va xu ly ngoai lai cho toan b tap dir liéu. Sau
budc nay cac diém ngoai lai trong tap dir liu
thuy van cua tram 74129 da dugc xtr ly. Hinh 10
1a do thi thé hién dit liéu muc nude sau khi da
xur ly cac gia tri ngoai lai.

1 #Hién thi dir 1iéu quan trac theo thoi gian:
2 df_outlier['2011-03-21':'2011-83-24']

TimeVN
W 2011-03-21 01:00:00 2610.0
2011-83-21 87:00:00  2607.9
2011-03-21 13:00:00  2602.0
2011-83-21 19:00:80  1598.0
2011-03-22 01:00:00 2595.@
2011-83-22 B7:60:00  2591.0
2011-83-22 13:00:00  2588.0
2011-83-22 19:00:80  2585.8
2011-03-23 91:00:00 2578.0
2011-03-23 97:00:00 1571.@
2011-83-23 13:00:00  2558.0
2011-03-23 19:00:00  2550.0
2011-83-24 91:80:80  2546.0
2011-03-24 ©07:00:00 2542.0
% 2011-83-24 13:00:00  2543.0
o o \,0““ 2011-83-24 19:00:00 2557.0
10‘\ Name: 74129, dtype: float6d

(b)

Hinh 8. Biéu do thé hién gid tri muc nude quan trac ciia tram 74129 trong thoi gian thang
03/2011 (a); Danh sdch thoi diém quan trdc va gid tri mwce mede ghi nhan trong thoi gian tir
21/03 d@én 24/03/2011 (b).

1 #xir 1y dir 1idu ngoai lai:

2 4Phuong phap: Thay th& bing mot gia tri khac
df outlier.loc[’2011-03-21 19:00:00'] = 2598

4 df_outlier.loc['2011-03-23 67:00:00"] = 2571

5 #Hién thi dir liéu sau xir ly ngoai lai:

6 df_outlier[ 2011-83-21":"2011-63-24"]

2800

2750

3 2700
Timevn

2011-03-21 01:00:00
2011-63-21 07:00:00
2011-63-21 13:00:60
2011-83-21 19:00:00
2011-83-22 01:00:00
2611-03-22 67:06:60
2011-03-22 13:00:00
2011-63-22 19:00:00
2011-63-33 01:00:60
2011-63-23 07:00:60
2011-03-23 13:00:00
2011-83-23 19:00:00
2011-63-24 01:00:60
2011-63-24 ©7:00:00
2011-63-24 13:00:60  2548.0
2011-03-24 19:00:00  2557.0
Name: 74129, dtype: floatsa

(a)

2610.0
2607.0
2602.0
2598.0
2595.0
2591.0
2588.0
2585.0
2578.8
2571.8
2558.0
2550.0
2546.8
2542.0
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Hinh 9. Xir Iy ngoaqi lai theo phirong phdp thay thé bang gid tri mdi (a);
Do thi biéu dién dir liéu muc nudce thang 03/2011 sau khi da xu ly diém ngoai lai (b).
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Hinh 10. Dir lieu myc nuwoc thuy van tram 74129 sau khi da xu Iy ngoai lai

TimeVN TimeVN TimeVN TimeVvN TimeVN
2011-01-03 07:00:00 2535.0 | 2011-03-22 01:00:00 2595.0 | 2011-10-04 01:00:00 2752.0 | 2012-07-2401:00:00 2817.0 | 2014-08-29 01:00:00 3094.0
2011-01-03 19:00:00 2549.0 2011-03-22 07:00:00 2591.0 | 2011-10-04 04:00:00 2751.0 | 2012-07-2403:00:00 2821.0 2014-08-29 02:00:00 3095.0
2011-01-04 07:00:00 2543.0 2011-03-22 13:00:00 2588.0 | 2011-10-04 07:00:00 2753.0 | 2012-07-2405:00:00 2823.0 2014-08-29 03:00:00 3096.0
2011-01-04 19:00:00 2543.0 | 2011-03-2219:00:00 2585.0 | 2011-10-04 10:00:00 2753.0 | 2012-07-2407:00:00 28230 | 2014-08-29 04:00:00 3097.0
2011-01-05 07:00:00 2544.0 2011-03-23 01:00:00 2578.0 2011-10-04 13:00:00 2754.0 2012-07-24 09:00:00 2822.0 2014-08-29 05:00:00 3097.0
2011-01-05 19:00:00 2546.0 2011-03-23 07:00:00 2571.0 | 2011-10-04 16:00:00 2750.0 | 2012-07-24 11:00:00 2821.0 2014-08-29 06:00:00 3096.0
2011-01-06 07:00:00 2543.0 | 2011-03-23 13:00:00 2558.0 | 2011-10-0419:00:00 2746.0 | 2012-07-2413:00:00 2817.0 | 2014-08-29 07:00:00 3095.0
2011-01-06 19:00:00 2546.0 2011-03-23 19:00:00 2550.0 2011-10-04 22:00:00 2744.0 2012-07-24 15:00:00 2811.0 2014-08-29 08:00:00 3094.0
2011-01-07 07:00:00 2546.0 2011-03-24 01:00:00 2546.0 | 2011-10-0501:00:00 2747.0 | 2012-07-24 17:00:00 2802.0 2014-08-29 09:00:00 3089.0
2011-01-07 19:00:00 2547.0 | 2011-03-24 07:00:00 2542.0 | 2011-10-0504:00:00 2757.0 | 2012-07-2419:00:00 2799.0 | 2014-08-29 10:00:00 3086.0

Ché do 1 Ché do 2 Ché do3 Ché do 4,5 Ché do 6

(2 lan/ngay) (4 lan/ngay) (8 lan/ngay) (12 lan/ngay) (24 lan/ngay)

Hinh 11. Cdc ché do quan trdc muce nude tai tram 74129

3.2. Chudn héa div liéu vé dang chudi thoi
gian

Dit liéu chudi thoi gian (time series data) 1a
chudi cac diém dir liéu duoc do theo ting
khoang thoi gian lién nhau, khoang cach giita
céc lan do bang nhau [2]. Dt liéu myc nude tram
74129 thu thap trong khoang thoi gian tur 1h
ngay 01/01/2011 dén 23h ngay 31/12/2019. Tuy
nhién, nhu d trinh bay trong phan dat van dé tan
suét thu thap dit liéu myc nude rat khac nhau tiry
thudc vao tirng khoang thoi gian trong nam, cling
nhu phy thudc vao cuong do va muc do cua ting
con Ib, dot 1i. Voi tram 74129, thuc hién thu
thap dit liéu theo 6 ché do khac nhau tir ché do 1
dén ché d6 6. Hinh 11 thé hién di liéu thu thap
tai mot s6 thoi gian twong tng véi cac ché do
quan tric khac nhau. Qua biéu d6 hinh 4 cho
thdy thang 7 va thang 8 hang nam 1a hai thang
¢6 sb luong diém quan tric nhidu nhat. Day 1a 2
thang cao diém trong mua 1ii, ché do quan tric
chu yéu theo ché do 5, 6.

TAP CHI KHI TUQNG THUY VAN

Nhu vdy, ¢6 thé thiy rang dir liéu quan tric
thiy van dugc thu thap theo mbc thai gian cu thé
theo gi0, nhung day khong phai 1a dir li¢u dang
chudi thoi gian vi khoang cach giira cac 1an quan
trac khong cach déu nhau, tiy vao timg diéu kién
cu thé (mua kho khoang cach thua hon mua li
rat nhiéu). Do khong phai 1a dit liéu chudi thoi
gian nén khong thé sir dung cac mé hinh du bao
chudi thoi gian nhu: MA, ARMA,
ARIMA...[4]. Vi vdy, can chudn hoa dif lidu nay
vé dang chudi thoi gian dé c6 thé ap dung duoc
cac mo hinh du doan, du bao nhu trén.

Nhom tac gia dwa ra phuong an chuén héa tap
dir liéu nay vé dang chudi thoi gian nhu sau:

- Budce 1: Xac dinh khoang thoi gian t cach
déu nhau giita cac lan quan tric. Tham s t st
dung lam co s& dé chuan hoa dir liéu vé dang
chudi thoi gian voi cac thoi diém quan trac cach
déu nhau mot khoang t. Véi dir liéu thuy vin
tram 74129, tham sd t lya chon theo gio, co thé
1a 1h, 2h, 3h...Theo s liéu thong ké duoc thé

S thang 06 - 2020



hién trong biéu dd Hinh 5, ching ta thiy rang
trong giai doan thoi gian tir ndm 2011 dén 2019,
thoi diém quan tric tap trung chil yéu vao céac
mdc thoi gian 1h, 4h, 7h, 10h, 13h, 16h, 19h, 22h
trong ngay (> 2000 quan tric), cac thoi diém
quan trac khac con lai trong ngay Oh, 2h, 3h, 5h,
6h, 8h, 9h, 11h, 12h, 14h, 15h, 17h, 18h, 20h,
21h, 23h c6 sb lugng diém rat it (<600 quan
trac); Do d6 véi tap dit liéu nay, chung ta s& chon
tham sb t = 3, nghia 1a chiing ta s& chuan hoa dit
liéu thuy van thu thap duogc vé dang chudi thoi
gian v6i khoang cach 1dy mau cach déu nhau 1a
3h (ché d6 3: 8 lan/ngay).

- Budc 2: Thyc hién viée loc cac mbe thoi
gian 1ay mau con thiéu trong tap dir liéu tuong
ung voi khoang thoi gian t = 3h vao cac thoi
diém 1h, 4h, 7h, 10h, 13h, 16h, 19h, 22h trong
ngdy. Hinh 11 minh hoa doan ma ngudn thuc
hién viéc théng ké s6 diém va danh sach diém
chua c6 dit liéu. Theo nhu thong ké cho thay néu
chuén hoa vé dang chudi thoi gian theo ché d6 3
thi tap dir lieu thiéu 4725 diém quan trac. Thuc
hién viéc chén cac cac thoi diém léy mau thiéu
nay vao trong file dir liéu cuia tram 74129 véi gia
tri NULL (xem xét ddy nhu 1a cac diém dir liéu
thiéu - missing values).

1 #Thigt 13p khoang thdi gian kiém tra dir 1idu quan tric
2 #Tir 01:00:00 01-01-2011 dén 22:00:00 31-12-2019
3 starts = dt.datetime(2611,1,1,1,0,0)
4 ends = dt.datetime(2019,12,31,22,0,0)
Z #Tgo mdt index kiéu datetime tir thoi diém start t6i ends cdch nhau 3h
7 index_ref =pd.date range(start= starts, end=ends, freq="3H")
: #Loc cac vi tri thiéu dir liéu trong chudi thai gian
10 ga = index_ref[~index ref.isin(dt 74129 new.index)]
11 print('s8 diém quan tric thidu theo ch& do 3:',len(ga))
12 print(’'cac vi tri thigu:\n', ga)
igcdﬁmt??a:h;i: thiéu theo ché do 3: 4745

DatetimeIndex(["2011-01-01 01:00:00",
'2011-01-01 10:00:00°,

'2011-01-01 04:00:00",
'2011-61-91 13:00:00°,

'2011-01-01 16:00:00',
'2011-01-02 84:00:00',
'2011-01-62 16:00:00',

'2019-12-25 16:00:00°,
'2019-12-26 ©4:00:00°,
'2019-12-26 16:00:00°,
'2019-12-31 €4:00:00°,
'2019-12-31 16:00:00°,

'2011-01-01 22:00:00',
'2011-01-02 10:00:00',
'2011-81-02 22:90:00',

'2019-12-25 22:00:00°,
'2019-12-26 10:00:00°,
'2019-12-26 22:00:00°,
'2019-12-31 10:00:00°,
'2019-12-31 22:00:00'],

dtype="datetime64[ns]', length=4745, freq=None)

Hinh 11. Thong ké sé diém quan trdc thiéu va
danh sdch cdc diém nay trong tdp dit liéu

- Buéc 3: thoi diém khong thuc hién quan tric
d3 b6 sung thém vao tap dir lidu trong budce 2.
C6 rét nhiéu phuong phap xtr 1y dit liéu thiéu,
ndi dung bude 3 s& duoc trinh bay chi tiét trong

BAI BAO KHOA HQC

phan 3.3 duéi day.

- Bu6c 4: Chuén hoa tap dir liéu vé dang
chudi thoi gian; Két thic bude 3 tap dit liéu thuy
van tram 74129 da duoc xtr 1y cac dit liéu thiéu.
Tuy nhién, tap dir liéu ndy con chira rat nhiéu
thoi diém quan tric khac ngoai 8 thoi diém ¢ trén
g v&i cac khoang thoi ky quan tric theo ché
do 4, 5 va 6. Do d6, nhoém tac gia thuc hién viéc
trich loc dit liéu tur tap géc ra tai cac vi tri 1h, 4h,
7h, 10h, 13h, 16h, 19h, 22h hang ngay dé thu
duoc dir liéu thity van dang chudi thoi gian véi
khoang cach 3h.

3.3. Xur Iy gid tri thiéu trong tdp dir ligu

Xur 1y gia tri thiéu (missing values) luon 1a
mot bude quan trong va bit budc trong qué trinh
lam sach dit liéu [5]. Do nhiéu nguyén nhan chi
quan va khach quan trong qua trinh thu thap dir
lidu c6 thé dan t6i gia tri thiéu. Nhu dd mo ta
trong phan 3.2, dé chuan hoa vé dang chudi thoi
gian v6i khoang cach 1ay mau 3h can phai thuc
hién chén thém vao tap dir li¢u nhitng thoi diém
chua quan tric nay véi dir liéu Null (coi day la
cac diém dit liéu thiéu - missing values). Do do,
yéu cau dit ra la phai xi Iy cac dit liéu thiéu nay.

C6 rét nhiéu phuong phap dé xir Iy dir liéu
thiéu [13-14], c¢6 thé gom cac phuong phap nay
vao 2 nhom chinh do6 la: Loai bé cac dong hoac
cac cot dir liéu chira gia tri thiéu ra khoi tap di
li¢u; Thay thé cac diém dit liéu thiéu béng mot
gia tri maéi theo tung thuat toan cy thé. Véi dit
lidu chudi thoi gian ta khong thé x6a bo cac dong
dir liéu thiéu ma chi co thé sir dung nhom
phuong phap thr 2 1a thay thé bang mot gia tri
mai. Voi céc dir liu dang chudi thoi gian, cac
diém dit lidu s& c6 mbi quan hé véi cac diém phia
trudc va phia sau no, cling nhu tuan theo xu
huéng va mua vu. Co6 4 giai phap don gian
nhung hiéu qua dé xir Iy dir lidu thiéu cho chudi
thoi gian bao gom:

- Thay thé gia tri thiéu bang gia tri lién trudc
(Last observation carried forward - LOCF);

- Thay thé gia tri thiéu bang gié tri lién sau
(Next observation carried backward - NOCB);

- Thay thé gia tri thiéu bang phuong ndi suy
tuyén tinh (Linear interpolation);

TAP CHi KHI TUQNG THUY VAN
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- Thay thé gié tri thiéu bang phuong ndi suy
spline (Spline interpolation).

Véi dac diém dit liéu thuy van tram 74129,
nhoém tac gia st dung phuong phap ndi suy
Spline béc 3 dé xu 1y gid tri thiéu.

Noi suy Spline 1a phuong phap xay dung cac
duong cong tron di qua n + 1 diém dir liéu da
biét (X0, Y0),..., (Xn, yn). Thuc thé 14 di tim mot
ham f(x) sao cho f(xi) = yi vdi moi i. Chung ta s¢
xac dinh n da thuce bac po,...., pn1 sao cho f(x) =
pi(x) voi moi x trong khoang [x;, Xi+1] [15]. Trong
thue té nhom tac gia st dung ndi suy spline véi
da thuc bac 3 khi d6 pi(x) dugc dinh nghia nhu
sau:
pi(X) = ai(x - xi)> + bi(x - xi)* + ci(x - xi) + di [16]

Hinh 12 minh hoa vi¢c xay dung cac dudong
cong bac 3 (duong mau do) di qua 14 diém da
biét (diém chdm den).

Ap dung cho dir liéu thuy van cta tram
74129, trong hinh 13a thé hién 10 diém dit liéu
dau tién trong thang 01/2012 chira cac diém gia
tri thiéu tai 4h, 10h, 16h, 22h (trong Pandas gia

1 # 10 diém dir 1iéu dau tién trong thang ©1-2012 2750
2 data_74129_missing_3h[ '2012-01"].head(10)

74129 2700
2012-01-01 01:00:00 2532.0
2012-01-01 04:00:00 NaN
2650
2012-01-01 07:00:00 2538.0

2012-01-01 10:00:00 NaN
2600

Muc nwére (cm)

2012-01-01 13:00:00 2551.0

2012-01-01 16:00:00 NaN - -
2550 [* o

2012-01-01 19:00:00 2560.0 e

2012-01-01 22:00:00 NaN

tri thiéu ky hiéu 1a NaN) va do thi biéu dién cac
gi4 tri myc nudc quan tric trong thang 01/2012
- Hinh 13b. Hinh 14a 1a két qua sau khi xtr 1y gia
tri thiéu voi phuong phap noi suy Spline bac 3
cho cac diém dit liéu m6 ta trong hinh 13a ciing
nhu 13 d6 thi thé hién toan bo dit li¢u ciia tram
74129 trong thang 01/2012 bao gom ca dir liéu
quan trac va dir liéu noi suy cho cac diém thiéu
(Hinh 14b).

2 T

-1 L 1 1 L L 1 L L 1

Hinh 12. Néi suy Spline bdc 3 qua 14 diém
da biét

bl —— 74129

2012-01-02 01:00:00 2560.0

2012-01-02 04:00:00 NaN @ zJDETz

Thoi gian
(b)

Hinh 13. Dit liéu trude khi xir Iy gid tri thiéu (a) va
Do thi biéu dién dit liéu trong thang 01/2012 (b)

1 #Dr 1idu sau khi sir 1y missing vdi spline:
2 data_74129 nomissing_3h['2012-01"].head(18)

2750

74129 2700

2012-01-01 01:00:00 2532.000000
2012-01-01 04:00:00 2534.500751

W
&
&
=

2012-01-01 07:00:00 2538.000000
2012-01-01 10:00:00 2544.117816

W
3
S
S

2012-01-01 13:00:00 2551.000000

Mwc nwérc (cm)

2012-01-01 16:00:00 2556.402984

2012:01-01 19:00:00 2560.000000 50

2012-01-01 22:00:00 2561.645249

—— 74129

2012-01-02 01:00:00 2560.000000

2012-01-02 04:00:00 2554,141021 012
(a)

09 16 23 30
Thoi gian
(b)

Hinh 14. DiF liéu sau khi xi Iy gid tri thiéu bang phwong phdp néi suy spline(a) va Do thi biéu
dién dir liéu sau xit 1y trong thang 01/2012(b)

TAP CHI KHI TUQNG THUY VAN
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4. Két qua chuin hoéa dir liéu tram 74129

Sau khi thuc hién cac budc tién xir ly va
chuén hoa dir liéu da trinh bay trong phﬁn 3,s¢
thu dugc tap dir ligu thuy van mdi cua tram
74129 - Yén Bai duoc luu véi tén
Data processed 74129.csv tap dir li¢u nay cling
¢6 cAu trac nhu tap dir liéu tho ban dau voi 2 cot
1a TimeVN cho biét thoi diém quan tric va cot
74129 cho biét gia tri myc nudc twong Gmg véi
ting thoi diém quan tric. Tap dit lidu sau chuan
hoa da xir 1y duoc cac diém ngoai lai, xur 1y cac
diém dit lidu thiéu va dua vé dang chudi thoi
gian véi khoang thoi gian cach nhau t = 3h. Bang
2 mb ta cac dic trung thong ké chinh va Hinh 15
thé hién biéu dd Histogram cua tap dir liéu muc
nude tram 74129 sau khi da chuén hoa.

s diém
2000
1750
1500
1250
1000

750
500

250

0

2400 2600 2800
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Bdng 2. Thong ké thong sé tip dir liéu
Data_processed 74129

Théng s6 Gia tri
2011-01-01 01:00

2019-12-31 22:00

Thoi diém bit dau (starttime)
Thoi diém két thic (endtime)

Tdng s6 diém dir liéu (number) 26 296 diém
Muc nudc trung binh (mean) 2631.13 cm
D6 léch chuan (std) 151.19 cm
Muc nuéc thap nhit (min) 2406.0 cm
Muc nudc cao nhét (max) 3394.47 cm

Tap dit liéu chuan hoa nay co6 thé dugc sir
dung dé 1am dau vao (input) cho cic md hinh dy
doan, du bao chudi thoi gian nhu MR, ARMA,
ARIMA...hodc 1am dit liéu dau vao cho cac mé
hinh hoc may, hoc sau.

3ap0 {em)

3000

3200

Hinh 15. Biéu dé Histogram tdp dir liéu da xir 1y Data_processed 74129

5. Két luin

Dt liéu myc nude thu thap dugc déu 1a cac
dit lidu thé, can phai duoc chuén hoa va 1am sach
dé loai bo duoc cac diém ngoai lai ra khoi tap
dir liéu, cac diém ngoai lai c6 anh huong rat 16n
td1 @0 chinh xac cua cac mo hinh du doan, du
bao. Xur Iy cac gié tri thiéu ciing 1a yéu cau bit
budc trong qua trinh lam sach dir liéu, véi mdi
mot bai toan, mot loai di liéu cu thé lai ap dung
nhitng phuong phap xur 1y riéng. Pong thoi dé
co thé st dung duoc cac mod hinh du bao chudi
thoi gian thi dir liéu dau vao phai duoc chuén
hoa vé dang nay. Bai bao da phan tich chi tiét

phuong phap thu thap va hi¢n trang di li¢u thuy
van cua tram 74129 - Yén Bai, tir d6 thuc hién
viéc chuan hoa dir liéu nay bang viéc giai quyét
3 van dé chinh bao gdm: Phat hién va xir ly
ngoai lai; Chuan hoa vé dang chudi thoi gian;
Xt 1y gia trj thiéu. Két qua sau khi thuc hién
toan bg qua trinh nay la mot tap dir liu da dugc
chuén hoa va lam sach, c6 thé sir dung tap dir
li¢u nay lam dau vao cho cac mo hinh du bao
chudi thoi gian, hoc may, hoc siu. Cac phuong
phap va k¥ thuat xur ly ap dung véi dir licu tram
74129 c6 thé dugc st dung ddi véi cac tram thiy
van khac trén hé théng song Hong noi chung.
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Loi cam on: Nghién ciru nay dwoc hé tro boi dé tai “Nghién civu co s¢ khoa hoc va gidi phap
ung dung tri tué nhdn tao dé nhén dang, hé tro dw bdo va canh bdo mét sé hién twong khi twong thuy
van nguy hiém trong boi canh bién doi khi hu tai Viét Nam”, md s6 BDKH.34/16-20.” thudc chirong
trinh Khoa hoc va cong nghé vmg phé véi bién doi khi hdu, qudn 1y tai nguyén va méi truong giai
doan 2016 - 2020.
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RESULTS OF APPLYING STANDARDIZED METHODS OF HYDRO-
GRAPHIC DATA FOR STATIONS 74129 - YEN BAI
Dang Van Nam', Hoang Quy Nhan?, Ngo Van Manh?, Nguyen Thi Hien*
"Hanoi University of Mining and Geology
*Thai Nguyen University of Agriculture and Forestry
3Center for Hydro-Meteorological Data and Information
“Le Quy Don Technical University

Abstract: Water level data at river stations in Viet Nam are collected by manual observation
method with frequency of collection depending on the time of year. These data need to be cleaned to
eliminate outliers, missing values ; standardized form of time series .... In the research of this paper,
the authors will indicate the current status of water level data collected at the station 74129 - Yen
Bai over a period of 9 years from January 1, 2011 to December 31, 2019, These are actual data, pro-
vided by the National Center for Hydrometeorological Forecasting. Based on the current status of
this data set, experimental methods of Data processing to replace missing values with the method
of interpolation and normalization of data in time series form shall be carried out with time spaced
3 hours apart. When there is complete data, ensuring the completeness and reliability will be the de-
cisive factor to the accuracy of the prediction and forecast models.

Keywords: Water level, Outliers, Missing values, Time series.

TAP CHi KHI TUQNG THUY VAN
S6 thang 06 - 2020




