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Tém tit: Gian do khi tugng thiy van ghi chép lai thong tin, sb liéu do dac cua luong mua,
muc nudce, d6 Am, nhiét dd va cac loai thong s6 do dat khac. Cac thong sb nay dugc thu thap
tir cac tram do luong KTTV trén toan qudc. Viée luu dit cac thong tin nay 1a cuc ki quan
trong nham phuc vu cho muc dich nghién ctru va du bao thoi tiét va thién tai trong tuong
lai. Tuy nhién, hién nay viéc luu trit cia cac loai gian dd dang ¢ dang tmyén théng; viéc doc
dir liéu lai phu thudc nguoi c6 chuyén mén. Do do6, kho bao dam vé tinh toan ven cua dit
lidu theo thoi gian. Bai bio nay dua ra giai phap nhan dang gian d6 tu ghi va tach cac thong
tin gian d6 bang cong nghé thi gidc mdy, gitp viéc luu trit va s6 hoa dit liéu gian dd mot
cach tu dong. Giai phéap tich hop thuét todn phan tich ciu trac trang, thuat toan phat hién
ludi va can chinh két hop thuat toan phat hién line va cac ddi tuong trong gian d6 dé tach
line. Bang thuc nghiém, phuong phap da dat dugc dg chinh xac cao, hon 90% gian d6 c6
thé s6 hoa, trong d6 bao gom cac loai gian do lugng mua, myuc nudc, dd am, ap suat va nhiét
do.

Tir khéa: Gian d6 Khi tuong, thiy van; Nhan dang; Xur 1y anh; Thi giac may.

1. Mé dau

Theo Tong cuc Khi twong Thity van (Bo Tai nguyén va Mbi trudng), dén nay mang ludi
quan tric khi tuong thity van (KTTV) hién c6 1a 1.719 tram diém do trén toan quéc, trong do
trong giai doan 2010-2020 mdi c6 40% cac tram dugc dau tu ty dong hoa [1]. Con gan 60%
(hon 1000) cac tram van dang van hanh theo cac phuong phap va ki thuat cti. Tai moi tram
quan tric mot lwong dir liéu quan trac rat Ién dugc thu nhan lién tuc hang ngay nhu nudc, ap
suat, do am, nhiét do... Do d06, van dé luu trit va xir ly thong tin rat kho khan. Ngay cé khi
céc tram duogc dau tu toan b véi quy trinh ty dong hoa hét thi viéc luu trit va xu ly cac dir
liéu trude do 1a rat quan trong, phuc vu dy bao va canh bao vé céc thién tai trong lai c6 thé
xay ra ciing nhu 1am giam thiéu toi da thiét hai do thién tai gay ra [2-3].

Viét Nam thuéc nhom qubc gia dang phat trién, chii chwong cua nude ta 1a hudng toi
phat trién va tng dung cong nghé 4.0. Ciing nhu vay, linh vuc KTTV clng can mot cong
cudc chuyén d6i s6 voi toan bd quy trinh [4-6]. Tuy nhién, _hién nay véi sO lugng tai liéu
gian dd va so sach khong 16 dugce luu trir tir hang chuc nam vé trude dang la van dé nam giai
cho cong cudc chuyén d6i s6. Nhidu nghién ctru trén thé gidi tap trung dé giai quyét cac bai
toan xr 1y dit liéu khi tuong thuy van [7-12]. Do d6, nghién ctru ndy dua giai phap dé sb hoa
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gian do str dung cong nghé xir Iy anh hién dai, cong nghé thi giac may dé nhan dang va trich
xuét thong tin tir gian d6. Phuong phap ap dung thyc nghiém cho céc loai gian d6 lugng mua,
muc nudc, &p suat khong khi, nhiét 46, do am.

Giai phap dugc dua ra trong nghién ctru nay theo hudng tiép can chinh sir dung cac k¥
thudt phan tich anh va nhan dang ty dong dé tach cac dudng line ghi trong gian do. Két qua
clia qua trinh nay s& tach duoc line va nén tir d6 gitip viée doc dit liéu duge chinh x4c. Thuat
toan ap dung cho cac loai gian do tw ghi thong dung nhu gian d6 mua, nhiét, am, ap va luong
nudc. Thudt toan tinh toan nhanh c6 thé xir Iy quy trinh doc vao tap file anh da duoc scan, sd
hoéa thong tin dé tach duoc line va thude do 1am dau vao cho giao dién GUI tiép theo.

Céc két ‘qua thyc nghiém trén nam loai gian d6 cho thay két qua tach line sai I¢ch trung
binh chua dén 2% trong céc loai gian d6 véi chat lugng scan tdt; duong line va cac dbi tuong
trong gian d6 dugc tach chuan xac tir gian dd gitp viée doc cac mdc thoi gian va gia tri do
tot. Thoi gian xr Iy viéc tach line va cac d6i tugng twong ddi nhanh, dam bao thoi gian xur 1y
ctia ki thuat vién. Tir két qua cua giai phap, 1am dau vao dé xdy dung cong cu DigiMeto [ 14]
trg gitip doc gian do ty ghi khi tuong thuy van va da rat ngan dang ké thoi gian doc thii cong;
dong thoi cho phép tuy chinh cac tham sO theo yéu cau ngudi dung. Viéc giai phap s6 hoa
nay lam tién dé cho viéc sd hoa cac loai tai liéu KTTV khac dang luu trr tai Tong cuc Khi
tuong Thuiy van.

Hinh 1 mo ta ciu tric tong thé cua giai phap. Dé nhan dang gian d6 phuc vu doc dit liéu,
nghién ctru nay dé xuat tich hop thuat toan phan tich ciu tric trang, thuat toan phat hién ludi
va can chinh cting voi thudt toan phat hién line va cac dbi tugng trong gian do dé tach line va
cac d6i tuong khac, 1am dau vao cho cong cu doc ghi ty dong DigiMeto. Thyc nghiém va
danh gia trén cac loai gian d6 nhu gian d6 muwa, am, luong nude, ap suit va nhiét cho két qua

tdt.

Phan tich cau trac Phét hién Iuéi va Phat hién line va cac

trang apes doi tugng # trong
(Block Detection) Eancheh gian do

Hinh 1. Cic khéi module chinh giai phap s6 héa gian dd KTTV; trong d6 bai bao tap trung phat trién
thuat toan Phan tich cAu triic trang, phat hién ludi va can chinh, phat hién line va cac ddi tuong khac
trong gian db 1am dau vao cho phat trién GUI (DigiMeto) hd trg doc gian db tw ghi KTTV.

2. Phuong phap nghién ciru

2.1. Poi tieong nghién ciru

Véi lich sir hinh thanh 100 nim nén tai liéu gian d6 KTTV rat phong phu vé chiing loai
ciing nhur hinh thtc va chat lugng vat Iy [ 15]. Gian d6 hién nay chiém khoang 1/3 khdi lwong
tai li€u luu trlt hién nay véi rat nhiéu loai gian dd nhu mua, nhiét, 4o am, ap suét va muc
nude. Cing mot loai gian dd nhung c6 cac hinh thire va thiét ké khong khong hoan toan gidng
nhau theo thoi gian. Do diéu kién luu trit tai Trung tdm Thong tin va Dit liéu KTTV va cac
Pai KTTV khu vuc khong dat chuan kho luu trit theo quy dinh. Do d6 tinh trang vat 1y cia
gian d6 bi anh hudng nhiéu. Cac gian do tir trude ndm 70 cé tinh trang vat 1y kém, nhiéu to
gian dd bi thung, bi rach va con c6 nhing td gian dd bi oxy hoéa gy ra mat thong tin. Cac
gian do sau nam 90 c6 d6 day to gian d6 mong hon nhiing ndm trude do, ddy ciing co thé la
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nguyén nhan cac gian d6 dé bi nhoe khi gip d6 am khong khi cao va ciing rat d& bi nhin. Cac
16i thudng hay gip nhu nhoa nét trén gian do, 18i bac thang, 16i chay men...Hinh 2a—2e minh
hoa céc loai gian dd duge thuc nghiém trong bai bao, trong d6 gian dd mua c6 do phtc tap
gian db cao hon cac gian dd khac.

Céc gian d6 c6 thé chia thanh hai nhom: gian d0 ludi thang va gian dd ludi cong. Gian
dd ludi théng bao gém gian dd lwgng mua va muc nudc, duge xac dinh theo cac duong toa
d6 thang duoc quy dinh trude; Gian d6 ludi cong bao gom gian do do am, nhiét va ap xuat.
Céc gian d0 nay co dic dlem 1a cac duong toa do c6 hinh dang cong dé phu hop v61 may do
k¥ thuat. Nghién ctru dé xuét giai phap tach line va cac ddi tuong trén gian d6 cho cac loai

gian do trén.
»
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Hinh 2. (a) Gian d6 mua Mudng Té 5/2019; (b) Gian d6 nuéc Ban Yén 8/2012; (c) Gian dd 4p Pién
Bién 7/2007; (d) Gian d6 nhiét Ngan Son 9/2019.
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2.2. Thudt todn phan tich cdu tric trang

Phan tich ciu triic trang 1a budc dau tién trong s6 hoa biéu do khi twong thuy van. Viée
phan tich nay gitp chung ta xac dinh cac ving biéu d6 can lam viéc va loai bé cac ving
khong quan tam. Pau vao 13 anh scan cic biéu dd khi tuong thiy van c6 nhiéu biéu do cia
nhiéu ngay khac nhau. Tir viéc xac dinh vi tri cac ving biéu do trén anh scan, chung ta s&
tach thanh cac biéu do riéng biét lam dau vao cho budc xir Iy sau. Qua phan tich nghién ciru
nay thay cac biéu dd co dic trung goc trong khu vuc biéu dod kha rd nét. Hinh 3 biéu dién
kénh S ciia anh dau vao sau khi duogc chuyén sang hé mau HSV. Ta c6 thé thay thong tin goc
ctia biéu dd duoc thé hién kha rd trong kénh S thudc bo ba kénh mau HSV. Vi vay, goi y
tuong ap dung phuong phap phat hién goc, tir 46 gian tiép tim dugc khu vire biéu do can phat
hién.

Hinh 3. Biéu difn kénh S (thudc hé mau HSV) trén mét anh gian ¢ mua.

Harris Corner Detector [15-16] 1a phuong phap phat hién goc don gian va hiéu qua. Y
tuong chinh cda that toan nay dua vao su bién d6i cuong do sang tai mot vung lan can: la
mdt ving nho quanh cac dic trung (goc, canh...) s& c6 su thay d6i 1on vé cuong do sang néu
mot window dich chuyén 1 doan (u,v) tir diém (x,y) theo bét ki huéng nao. Cong thirc Harris
Corner Detection tong quat nhu sau:

E(u,v) :z:w(x,y)[l(x+u,y+v)—I(x,y)]2 (1)
x'y
Trong d6 w 1a mét window ¢ trén émhé X,y la toa d6 cua diém w(x,y) thuoc window do;
I(x,y)qla‘l gia tri d6 sang cua mat pixel tai di€m x,y; [(x+u, y+v) 1a gia tri d0 sdng cua mot pixel
tai diem I(x+u, y+v).
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Hiéu ciia shifted intensity va intensity biéu thi do thay doi vé gia tri diém anh khi ta dich
chuyén moét luong u, v (trén anh). Muc tiéu ciia Harris Corner detector 1a cuc dai héa ham
E(u,v) ¢ tim ra nhitng khu vuc c6 su thay d6i intensity 16n nhat.

Ewv)=[uv]M [ﬁ] (2)
Trong do:

2 LI,
M=wixy)|, ) G)

Ta c6 cong thuc cudi cung nhu sau:
Viéc tim ra cac diém anh c6 phai corner hay khong phu thudc vao gia tri R (Measure of
corner response). Cong thuc R nhu sau:

R = det(M) — k(trace(M)? 4

Trong d6 det(M) = AB — C? = Ai)2, trace(M) = A1 + A2, A1, A2 14 cdc gia tri ban dia cia M
tuong ung voi do cong clia ham dia phuong quyét dinh xem diém nay c6 phai 1a corner hay
khong, k 1a tham s6 diéu khién.

Phuong phéap dé xuat phat hién va tach ving biéu do cia gdm 4 budc: (1) Sir dung Harris
Corner Detection dé phat hién vung ludi; (2) Tim contour bao quanh cac khu vuc c6 méat 3
corner duoc detect nhiéu nhét; (3) Xac dinh vung biéu dd va cac vung khac tur toa do 4 goc
cua cac duong contour; (4) Cit céc vung biéu dd x4c dinh duge. Hinh 4a—4d minh hoa két
qua phan tich cau triic trang gian do. Ta cd thé thiy ving biéu dd xac dinh duoc tét. Uu diém
ctia phuong phap 4p dung la don gian, toc do nhanh nhung rat hleu qua

= O O e, e wr w w wr w r

(€] - (b)

© @

Hinh 4. (a) K&t qua detect goc; (b) Két qua tim contour; (¢) Xéac dinh ciu trac trang biéu dd; (d) Két
qua vung biéu db xac dinh duoc.

2.3. Thudt toan phat hién ludi va can chinh

Ving biéu do sau khi dugc xac dinh tir thuat toan phan tich cau tric trang can duogc cit
gon, can chinh va 1am phing dé do dac chinh xac. Ké thira y ‘tudng phat hién goc cua thuét
toan & phan 2.2, chung ta s€ dya vao viéc phat hién corner dé tir 46 gian tiép phat hién bao
quanh cua biéu do va cat gon hon. Tuy nhién, c6 mot sé anh hién tai dang bi 1éch, khong
thang véi hudng ngang do qua trinh scan dat gian do khong thang goc. Hinh 5a minh hoa anh
sau khi duoc cat ving biéu d ¢ thuat toan phan tich ciu tric trang con du phan trén va goc
1&ch so voi duong vudng goc.
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Hinh 5. (a) Minh Minh hoa anh sau khi dugc cit ving biéu db ¢ thuat toan phan tich ciu truc trang
con du phan trén va goc 1éch so voi duong vudng goc (b) Anh két qua sau khi phat hién ludi va
can chinh

Phat hién toa d¢ cua cac s6 trén biéu dd st dung khép mau, tim ra nhiig duong thfmg
di ngang qua cac s ¢6 clng gia tri (vi du 40, 50, 60). Luu y & budc nay, ching ta co the s€
khong tim dugc toan bd cac so can tim, vi du trén mét duong nam ngang ¢ 4 sd can tim
nhung ta c6 thé chi tim dugc 2, 3 sd, tuy nhién vi & ddy ta chi can tim mot duong thing di
qua cac diém nam ngang nhau trén biéu d6 nén viéc chi tim duoc 2,3 diém cho mdi dudng 1a
da. Pé han ché thiéu chinh xac, bai bao tim tit ca hé s6 goc cta cac duong thang di qua cac
diém nam ngang nhau trén biéu dd roi ldy trung binh.

|

P T T R |
o o oo e e o
o oo e o= on

o cooo o eon

" (Zl') i s i — —_— (b)v i =

Hinh 6. (a) Toa do cac toa do diém cin phat hién trén gian dd; (b) Xoay hinh anh theo goc di phat
hién.

Dé xac dinh ving gian d6 chuan xac nhét, thudt toan ap dung thém cac phép bién ddi
hinh thai hoc [17-19] gom: dilate dé vung biéu d6 lién mach v6i nhau, sau d6 ap dung phuong
phap erosion dé 1am bién mat nhing khu vire nhiéu, va dilate mot lan nita dé bién d6i khu
vuc mask vé kich thudc ban dau. Thuat toan ap dung thém budc bién ddi opening nay mot
lan nita dé két qua anh dugc xur 1y nhidu tot hon nita. Két qua sau khi thuc hién hai phép bién
d6i erosion va dilation nhu Hinh 7.

Hinh 7. Toa do cac toa do diém cin phat hién trén gian dd.
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2.4. Thudt todn phat hién line va cdc doi twong khdc trong gian do
Phan nay nghién ctru dé xuat thuat toan tach duong line tur biéu do va cac ddi tugng khac
trong gian do tir ket qua thuat toan trong phan 2.3. B¢ tach duogc line ra khéi gian do nghién
ctru da tich hop céc thuat toan xir Iy anh nhu sau:
e Budc 1: Tién xu ly:
- Resize kich thudc anh (cu thé 1a 500px theo chiéu rong).
- Tuy vao loai gian d, co thé tach chuyén vé khong gian mau HSV hodc giir nguyén
RGB do tinh chit mau ctia dudng line va ludi do quyét dinh dé mau duong line va ludi tach
biét 6 rang hon, vi du biéu dién phéan bd mau cua gian dd mua trong Hinh 8.

260
240
220
200
180
160
140

Value

175
200
Blue 225250 7

Hinh 8. B4 thi 3D biéu didn phan bé mau cua anh gian dd mua trong khong gian anh RGB (trai) va
HSV (phai).

Co thé quan sat théy phéan ‘pé mau line va ludi da duoc tach biét rd rang hon, thuan loi
cho viéc tach ngudng & budc tiep theo.
e Budc 2: Téach line theo phuong phap ngudng:
- Thuat toan ap dung mot sé phuong phap nhu Adaptive threshold, phuong phap OTSU
dé chon ngudng tu dong va phuong an chon ngudng cb dinh.
e Budc 3: Hau xt ly:
- Str dung phép bién doi hinh thai closing: 1am day (dilate) sau ¢ lam mon (erosion)
dé 1am cho dudng line & nét hon, loai bo nhidu, 1am méanh dudng line, va ndi suy phan duong
thiéu. Hinh 9 minh hoa két qua sau khi tach line va hau xt 1y tach line.

(b)

Hinh 9. (a) Két qué tach line trén hé mau HSV; (b) Két qua sau khi 4p dung cac ky thuat hinh thai
hoc, loai bo nhiéu, 1am manh duong line, va ndi suy phén duong thiéu.
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Déi véi cac loai gian dd nhu 4m, ap, nhiét va nudc thudt toan tach line dén day la hoan
thanh. Riéng v6i gian dd mua phirc tap hon do trén mot gian dd c¢6 thé cé nhiéu line cho
nhiéu ngay. Do d6 can tach ra cho timg ngay riéng biét. Thuat toan dwa ra giai phap xac dinh
s6 line cua gian do dya trén sé luong pixel ctua dudng line theo hudng doc cau anh, sau do
tach ting line va ndi suy dé duoc két qua cudi cung. Hinh 10 minh hoa giai phap noi suy cac
duong line gian d6 mua trong mot gian do.

img_gray
num_of_lines = get_num_of_lines(img_gray)
img_interpolated = None
img_line1 = None
img_line2 = None
img_line3 = None

NOi suy v&i gian dd 1 line
img_interpolated = interpolate_1line(img_gray)

NOi suy véi gian dd 2 lines
num_of_lines, img_interpolated, img_line1,
mg_line2, img_line3 = interpolate_2lines( img_gray)

NOi suy véi gian dd 3 lines
img_interpolated, img_line1, img_line2, img_line3 =
interpolate_3lines( img_gray)

return num_of_lines, img_interpolated, img Iine1.l
img_line2, img_line3

Hinh 10. Ludng thudt toan ndi suy duong line bi drt.

3. Két qua va thao luin

Phuong phap d& xuét duoc danh gia trén tap céc file scan ctia nam loai gian do. Két qua
tach line va cac ddi twong khac trén gian dd tot, khop véi duong line gde. Hinh 11 minh hoa
so sanh két qua line tach duoc theo thuat toan dé xuit va ground truth, cho thay két qua khép
v6i duong line ground truth.
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(b)

Hinh 11. (a) So sanh két qua tach line theo giai phap dé xudt (dwdng mau xanh) véi ground truth
(dwong mau vang) trén gian dd muc nudc; (b) So sanh két qua tach line theo giai phap d& xuit (duong
mau xanh) véi ground truth (dudng mau vang) trén gian dd d6 am.

Ngoai ra, phwong phap duoc danh gia kiém ching do chinh x4c qua cac do do nhu: Mean
Square Error (MSE), Dynamic Time Warping (DTW). Hinh 12 minh hoa két qua danh gia
sai s6 giita tach line theo giai phap dé xuat v4i ground truth trén gian d6 nhiét va mua theo
tiéu chi MSE (duong mau vang) va DTW (duong mau do). Truc hoanh 1a chi sO cac gian do
trong thang, truc tung la sai s ti 1¢ duoc tinh theo s6 luong pixel trén gian d6. Chung ta thay
rang, sai sO pixel rat thap, diéu nay chimg to phuong phap dé xuat hiéu qua va chinh xac cao.
V61 mot vai anh ¢6 MSE cao hon binh thuong xdy ra ¢ gian dd bi 6 myc, do ving 6 murc va
vung line thuong chdng 1én nhau va c6 mau giéng nhau.Ciing nhu vay, gia tri DTW rat thap,
dleu nay c6 nghia la khoang cach gitra duong line detected dugc va duong line ground truth
rit gan nhau.

MsE | 0000012 4 MSE

0000124 (a) — oW (b) — oW
0.000010

0.00010 {
0.000008

0.00008 {

0.00006 4 0.000006

0.00004 { 0.000004

0.00002 {

0.00000 {

0 5 10 15 20 25 30 0 5 10 15 20 25 30

Hinh 12. (a) Danh gié sai s giita tach line theo giai phap d& xuit véi ground truth trén gian dd am;
(b) Panh gia sai s6 giita tach line theo giai phap dé xuat véi ground truth trén gian dd nhiét.

4. Két ludn

Bai bao dé xuat giai phap nhan dang gian d6 sir dung cac thuat toan xir Iy anh va thi
gidc may don gian nhung hiéu qua, 1am tién dé xay dung cong cu luu trir va sé héa dir lidu
gian d6 mot cach ty dong. Giai phap tich hop thuat toan phan tich ciu tric trang, thuét todn
phat hién ludi va can chinh va thuét toan phat hién line. Béng thuc nghiém trén céc loai gian
dd lugng mua, muc nudc, do am, ap suét, nhiét do, hon 90% gian dd c6 thé sb hoa véi do
chinh xac cao.

Doéng gop cua tac gia: Xay dung y tuong nghién cuu: P.L.P., HH.P., H.V.; Lya chon phuong
phap nghién ctru: P.L.P., HH.P., H.V.; Xir Iy s6 liéu: L.T.H., M.X.H., T.V.L.; Phan tich mau:
H.H.P., HV.,M.X.H., T.V.L.; Liy mau: L.T.H.; Viét ban thio bai bao: P.L.P., HH.P., H.V ;
Chinh stra bai bao: P.L.P., HH.P., H.V.
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Loi cam doan: Tép thé tac gia cam doan bai bio nay la cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bo & dau, khong dugce sao chép tur nhitng nghién ciru trude day,
khong c6 su tranh chap loi ich trong nhom tac gia.
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Abstract: Meteorological and hydrological chart records information, measurement data of
rainfall, water level, humidity, temperature and other types of measured parameters. These
parameters are collected from hydrometeorological measurement stations nationwide. The
storage of this information is extremely important for the purpose of researching and
forecasting weather and natural disasters in the future. However, at present, the storage of
all types of schemas is in paper form, the reading of data depends on the expert. Therefore,
it is difficult to guarantee the integrity of the data over time. In this paper, we propose a
solution for schema recognition and self—recording of schema information using today's
most advanced machine vision and artificial intelligence technologies to help store and
digitize data, diagrams automatically. The solution integrates the page structure analysis
algorithm, the grid detection algorithm and the alignment algorithm to combine the line
detection algorithm and the objects in the schema to separate the line. By experiment, the
solution has achieved high accuracy, more than 90% of the diagrams can be digitized,
including all types of diagrams of precipitation, water level, humidity, pressure, and
temperature.

Keywords: Meteorological and hydrological diagrams; Identification; Image processing;
Computer vision.



