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Tém tat: Trong bdi cdnh chuyén déi s6 dang dién ra manh mé, viéc irng dung céng nghé thij gidc mdy
tinh (Computer Vision) vao quan trdc thdy vin mang lai tiém nédng Ién trong céng viéc tw déng héa do muc
nudc. Bai bdo nay trinh bay mét phuwong phdp tw déng xdc dinh va do muc nwdc tir hinh dnh quan trdc trén
thiy chi va gidn dé mdy tw ghi murc nwdc, dua trén thudt todn Nhén dang chir viét bdng OCR (Nhdn dang ky
tw quang hoc) va thuét todn so khdp déc diém. Gidi phdp ndy khéng chi giup néng cao dé chinh xdc, gidm
thiéu sai s6 cho ngudi diing ma con tdn dung téi da co' sé ha téng quan trdc hién cé tai cdc tram thiy vdn
trén mang lwdi quéc gia. KEt qué nghién ciru dd duwoce dp dung thuec té'tai cdc tram thiy vén, mé ra huéng di
mdi cho viéc phdt trién rong rdi trong quan trdc murc nwdc da nganh. Vi wu diém chi phi thdp, dé khai thdc,
trurc quan va phi hop vdi cdc diéu kién dia hinh phirc hop, phuong phdp nay gép phdn thic ddy nhanh qud
trinh chuyén déi sé trong linh virc thiy védn, hé tro phdt trién kinh té - xa hoi.

Tir khéa: Ty déng do murc nuwdc, thi gidc mdy tinh, nhén dang chit viét.

1. Mé& dau

Cong nghé thi gidac may tinh (Computer
Vision) d3a tré thanh céng cu hitu ich trong viéc
gidam sat va xac dinh gia tri muc nwdc. Tuy nhién,
diéu kién thoi tiét, méi trueong ludn anh huéng
dén hiéu nang cta cdng nghé thi gidc may tinh.
Dic biét, dai vai didu kién khi hau Viet Nam, dan
dén ¢ su phirc tap trong viéc xac dinh gia tri
mu'c nudc.

X ly hinh &nh 13 k§ thuat cét 18i cda thi gidc
may tinh, gilp phat trién nhiéu &ng dung thuc
té€. X ly anh cho phép chuyén déi va thao tac
trén hang nghin anh cung ldc, tir d6 trich xuat
nhitng théng tin chi tiét va quan trong [1-14].
Cac budc chinh trong trong viéc giai quyét bai
todn trong thj gidc may tinh, dwoc théng qua cac
buédc chinh trong viéc giai quyét bai toan trong
thi gidc mdy tinh trong viéc x{r ly hinh anh lién
quan dén nhan dang mwc nwdc nhu sau:

Thu thap dit liéu: Budc dau tién trong qua
trinh gidi quyét bai toan thj gidc may tinh 1a thu
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thap di liéu [15-17]. D liéu trong bai toan nay
13 hinh anh dugc |8y tir hinh anh, video, tir dau
ghi hinh camera, truc tiép tir dia chi IP camera
hodc tir dia chi trang web hién thj anh tai cac
tram thay van trong pham vi nghién ctru.

Tién xtr ly dit liéu: Sau khi thu thap dit liéu,
budc ti€p theo la tién xi&r ly dit liéu. Piéu nay
bao gdm loai bd céc dit liéu khéng mong muén,
chuan héa dit lidu, cat giam dit liéu, v.v. [18-35].

Chon va huan luyén mé hinh: Sau khi tién x
ly dir liéu, ta s& dung céc thuat todn dé huan
luyén md hinh. Budc nay bao gdbm lwa chon mé
hinh va tinh chinh cac siéu tham s6 dé t6i wu
hda dé chinh xac.

Danh gid md hinh: Sau khi huan luyén md
hinh, ti&n hanh danh gid md hinh dé xac dinh
dd chinh xac va hiéu suat cta né. Budc nay cd
thé bao gom s dung cac tap dir liéu kiém tra dé
danh gia mo hinh [18-35].

Trién khai md hinh: Cudi cung, khi mé hinh
dugc dénh gid va chap nhan, cé thé duoc trién
khai vao sdn pham hodc irng dung thuc té. Viéc
trién khai mé hinh cd thé lién quan dén cac budc
nhu t6i wu hda ma va tich hgp md hinh vao san
pham hodc (rng dung thyc té [18-35].
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Théng qua qua trinh d6, doi hdi mét khoi
lwong tinh todn vo cung phirc tap. Nham t6i wu
hod cac buwdc cong viéc cling nhu tdi wu hda
vé tdc do, cdng cu va thuat todn 13 thanh phan
khdng thé tach roi trong qua trinh x(r ly anh.

2. Phwong phap nghién ctru va tai liéu st dung

2.1. Phwo'ng phdp nghién cuu

2.1.1. Nghién ctru tw déng quan trdc tir hinh dnh
thdy chi

Nhan dién vi tri (theo pixel) cia muc nudc
trong anh, muc dich: Tim diém giao gitta muc
nuwdc va thudce do (Hinh 1).

S dung két hop ca hai thuat toan sau:

- Trugt clra s6 va so sanh mau

- Truot clra s6 va so sanh d6 sang

Viéc truot clra s6 duoc tién hanh nhu sau:

- Chia anh thudc (d3 trich xuat) thanh N phan
c6 do cao bang nhau, goi 1a cac clra s6.

- Sau d4, xuat phat tir clra s6 trén cung.

- Di chuyén dan dan clra s6 dé xudng dudi
cung.

Hinh 1. thay chi

Hinh 3. Quy trinh lam viéc

- O mdi vj tri, ta xét clra s6 trén va dudi
k& nhau.

So sanh cac dic diém cla hai clra s6 nay dé
xem ching cé phai la giao cta thudc va muc
nudc khong? (Hinh 2).

Truot clra s6 va so sénh mau

Nhan thdy clra s6 chira thuwdc sé rat gidng vdi
clra s6 tuwong &ng bén anh so khédp (Hinh 3). Do
do, néu clra s6 trén gidng vdi bén so khdp, va
clra s6 dudi rat khac anh bén so khép, méc dé
s& duwoc xem |a giao diém can tim gitta thuwdc va
mu'c nudc.

Mtrc d6 giéng nhau cta hai birc anh duoc do
béi thang do SSIM (Structural similarity index
measure).

Trurg't clva s6 va so sdnh dé sdng

Thuat todn nay dugc dp dung vao budi dém,
khi camera bat ché dd hdng ngoai va anh chup 1a
anh den trang. Nhan thay trong cac anh, khu vuc
nudc sé t6i hon nhiéu so véi khu vuc thuwdce. Do
dd, néu clra s6 trén hau hét |13 cac diém anh rat
trang, va clra s6 dudi hau hét a cac diém anh rat
den, thi méc d6 la giao diém can tim (Hinh 4).

’ Buwoc 1 Buwoc 2 Buwoc 3 Bwoc k
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Hinh 2. Thudt todn truot clra s6 va so sénh méu
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Hinh 4. Thuét todn trugt clra s6 va so sdnh d6 sdng
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No&i suy gia tri do cla thuwdc

Gid st

- Anh thudc trich xuat ra c6 chiéu cao h

- Budc 2 nhan dién giao diém & dd cao level
(tinh ti trén xuéng)

- Thwdc bat dau tur start, két thic & end

Khi d6, cong thirc ndi suy gid tri do la:

Value = start + (end Star) (h—level) (1)

Trong d6: Value 13 gia tri can tim; start 13 gia
tri ban dau; end 1a gid tri luc két thac; h 13 chiéu
cao; level la muc nuwoc.

2.1.2. Nghién ctru tw déng quan trdc tir hinh dnh
gién dé

Budc 1: Lay anh tir stream RTSP

Muc dich: Thu thap hinh anh lién tuc tw
camera qua giao thirc RTSP.

Giai thich: RTSP cho phép truyén dir liéu
video theo thoi gian thuec, gitip hé théng ludn ¢
anh mai dé x{r ly va phan tich.

Budc 2: Cat bd cac phan thira va chi gitt lai
vung anh chira s6 liéu dau ngay

Muc dich: Loai bd cac phan khdng can thiét
trong anh, chi gii lai vung ch&ra théng tin do
muc nwdc ban dau.

Giai thich: Bang cach cit anh, ta tap trung
vao vlung quan trong, gidm nhiéu va cai thién
hiéu qua cla céc buwdce xtr ly tiép theo.

Buwdc 3: Dung cong cu PaddleOCR dé doc
muc nwdc ghi dau ngay

Muc dich: Trich xuat gid tri mwc nudc tir hinh
anh d3 duoc cat bang cong nghé nhan dang ky
tw quang hoc

Giai thich: PaddleOCR chuyén d&i phan s6
liéu trén anh thanh di liéu s6 (Hinh 5), cung cap
muc nuwdc ban dau [dm cdn c&r cho cac budc
tinh todn sau nay.

Budc 4: Xt ly sau khi cé mye nwdce ban dau

Sau khi ¢ gia tri mwc nwdc ban dau, thuat
todn ti€p tuc vdi cac budc x ly chi tiét nhu sau:

a) Chuan héa hinh anh (Quay va ct lai):

Muc dich: Diéu chinh géc quay va kich thuéc
anh dé dadm bao cac déi twong do dac (nhw
duong gian do6) duoc cdn chinh dung.

Gii thich: Viéc chuan hda giup loai bé cac sai
léch do gdc quay clia camera va dam bao tinh
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nhat quan gitra cac anh.

b) Xac dinh vi tri ngdi but bang thuat toan
Template Matching:

Muc dich: Tim vi tri cda “ngdi but” (diém
danh dau trén thiét bj do) trong anh.

Giai thich: Thuat toan so khép mau (template
matching) so sdnh mau hinh anh cla ngoi but
V@i anh g6c dé dinh vi chinh xac vj tri cha nd
(Hinh 6).

c) C3t phan anh bén phai ngodi but:

Muc dich: Gii¥ lai phan anh chira dudng gian
d6 - noi ma cac gia tri myc nudc dugce thé hién -
va loai bd phan khong lién quan bén trai.

Giai thich: Vi chi ving bén phai ngoi bat chira
théng tin quan trong vé dudng gian do, nén viéc
cat anh gilp gidm d6 phirc tap va ting hiéu qua
Xt ly.

d) Theo d&i sy thay ddi vi tri ngdi but theo
thoi gian:

Md ta: Trong anh, vi tri cia ngodi bat co déc
diém la:

Tung d6 (truc dirng) khdng thay déi.

Hoanh d6 (truc ngang) tang dan theo thoi gian
(Hinh 7).

Giai thich: Piéu nay giup hé théng xac dinh
dugc sy chuyén déng cia myc nude dya trén vi
tri cda ngoi bat trén anh.

e) Dat cong thirc mé ta muc nudc:

Goi h = f (t) 1a muc nwdc tai thoi diém t (don
vi cm).

f) Tinh gid tri mwc nwdc tai mot thoi diém cu
thét

Gia s(r: Ta can tinh h, tai thoi diém t va da co
dir liéu f(t) chotatcat <t

Y twdng: Xét mot hiéu sb c6 dinh A. N&u cd
mot thoi diém t’ <t sao cho hiéu gilra h,va f (')
bang A (tic h, - f (') = 4), ta ¢6 thé tinh h bang
congthic: h =f(t')+4

Giai thich: Y twdng & day 1a dung mot gia tri
tham chiéu c6 dinh A dé “dinh vi” h, dua trén
mot gid tri da co trong qua khu.

g) Tim thoi diém t’ &ng vdi A:

Céach thuc hién:

V& dudng thang ngang véi gid trih = h - A.

Do thi h = f (t) biéu dién sy thay déi muc
nudc theo thaoi gian.

Giao diém gitra dudng thang va do thi sé cho
ta toa do (t/, f (t’)), trong d6 t’ |a thoi diém can




tim (Hinh 8).

Giai thich: Giao diém nay cho biét thoi diém
trude d6 khi myc nuwdc thdp hon h, ding 4, tir
dé dung dé tinh lai h,,

h) Quy ddi hé quy chiéu tir gidn d6 sang anh
chup:

Mb ta:

Goi y = g(x) 1a ham md ta dé cao cla gian do
trong anh tai hoanh do x.

Viéc quy ddi gitra hé quy chiéu gian d6 va hé
quy chiéu cla dnh cho phép dinh vi chinh xac vi
tri cla cac duong thang bidu dién muc nudec.

Giai thich: Trong hé anh, vi tri clia ngoi but
(diém danh d4u) 1a ¢8 dinh theo tung d6, do do
cac duong ngang nhu h =h va h =h - A ciling
duoc c6 dinh. Diéu nay giup viéc tim giao diém
v&i d6 thi h = f (t) tr& nén dé dang va chinh xac.

i) Xac dinh dudng gian d6 trong anh:

Céch lam:

Xac dinh mién mau dac trung cla duong
gian do.

Tim tat cd cac diém anh c6 mau nam trong
mién nay va xem d6 1a cac diém thudc duong
gian do.

Giai thich: Qué trinh nay gitp tach biét rd
rang dudng gian do6 ra khoi phan con lai cla
anh, tir d6 hd tro cho viéc dinh vj giao diém vdi
duong tham chiéu h=h - A.

j) Tim giao diém gitra dworng tham chiéu va

Hinh 5. Thu@t todn PaddleOCR dé doc muc nwdc ghi
déu ngay

Hinh 7. Tung dé ngoi but trong dnh cé dinh

do thi dir liéu:

Gidi thich:

Véi duong h = h, - A da c6 dinh trong hé quy
chiéu anh, cung véi d6 thi h = f (t) dugc xac dinh
tr dit liéu, ta cé thé tim ra giao diém chinh xac,
qua d6 xac dinh thoi diém t’va gid tri f (t').

Tir d6, tinh duoc h = f (t) + A.

Qua tirng budc trén, thuat toan d3 chuyén
d6i qué trinh 1dy dnh tir RTSP thanh mot chudi
cac thao tac xt ly anh va phan tich dit liéu muyc
nudc. Moi budc duoc thiét ké nham gidm thiéu
sai s6 (vi du nhu chudn héa dnh va chuan hoa hé
quy chiéu) dé ddm bao rang gia tri muwc nuwéc do
duwoc dat d6 chinh xac cao nhat.

2.2. Tai liéu thu thdp

DAau tién, chuadn bj anh chup chinh dién,
khong nghiéng, cong, méo cla thudc do dé lam
mau so khop.

Dung thudt todn trich xuat cac dac diém
quan trong trong dnh mau va anh thuc té. Dic
diém c6 thé hiéu 1a mot diém/vung anh co thé
nhan dang dugc (vi du gbc, canh, hoa tiét) trong
anh (Hinh 9).

So sanh cac dic diém & hai hinh anh dé tim
ra nhirng c3p dic diém tuwong dong nhat.

Tlr théng tin vé vj tri cac cdp dac diém nay,
tinh todn phép chiéu phdi canh.

Lay nghich ddo cla phép chiéu phéi canh dé
thu dugc anh thudc khdng bi cong vénh.

Hinh 6. Template matching

sy [ 1

Hinh 8. Phurong phdp tim d6 cao bdng db thi
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Hinh 9. Cai ddt trong thuec té

3. Két qua va thao luan

3.1. Bdnh gia két qud wrng dung céng nghé thij
gidc mdy tinh vao quan trdc thay vdn

Duéi day 1a két qud tng dung céng nghé thi
gidc may tinh vao quan trac thly vin trén thay
chi (Hinh 10, 11, 12) va gian d6 may ty ghi SW-40:

a) Panh gia ing dung cong nghé thi gidc mdy
tinh vao quan trac thay van trén thay chi

Hinh anh thu duoc tlr camera dudi dang
video (strem), modul phan mém lién tuc phan
tich 3nh va dua ra két qud. Két qua dugc ghi lai
ngay trén anh thé hién dugc sé hiéu thdy chi

(P1, P2; P3..); cao d6 diém “o” cla thay chi
(CD); s6 doc twong &ng cla két qua phan tich
(H). O day, quan tric vién hay con goi 13 ngudi
dung dé dang bang mat thuong dé ddi sanh két
qua dua ra va bang kinh nghiém chuyén moén dé
xac dinh modul phdn mém c¢é phan tich ding
hay sai (Hinh 13).

Ngoai két qua duoc ghi trén hinh anh, két
qua duoc lvu dudi dang txt dé view dang bang,
phuc vu v& dudng qua trinh, xuat bdo cdo théng
ké. Két qua cling s& dugc cap nhat |én hé thdng
gidm sat trén nén tang Website dé phuc vu déng
ddo nguoi dung hon (Hinh 14).

03-04-2025 22:12:00
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Hinh 11. Hinh énh thdy chi tai Tram thiy vén Son Tdy, Phu Lé, Thuong Cdt ban dém

04-03-2025 Tue 22:24:0

TV Phu Le TV Thuong Cat
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Hinh 12. Hinh dnh gidn d6 tai Tram thdy vdn Triéu Duong va thiy vdn Quyét Chién

Hinh 13. Hinh énh két qué nhén dang thuy chi tai
thdy vén Son Téy, Phu Lé

Trong diéu kién ban dém, két qua cling cho
thdy dé chinh xdc cta thuat todn it cé su khac
biét v&i ban ngay. Nhv anh dudi day tai tram
thdy vén Son Tay, tai thay chi (TC: P3); cé Cao dd
(CD: -100 cm); két qud phan tich (SD: 233 cm);
muc nwdc (H: 133 cm). K&t qua nay trung khép
v&i ngudi dung doc bang mat thudng trén thiy
chi. Twong tu v&i tram thay vin Phu L&, ngoai
ra trén hinh anh ciing cho ta thay thoi gian thuc
hién ghi hinh trén anh (Hinh 15).

Trong qua trinh thir nghiém, ndm 2024 trén
S6ng Hong c6 tran 1 lich s, do dnh hudng cla
con bdo sé 3 ndm 2024; sy cd cay cdi troi trén
séng, tram thly van Son tay va tram thdy van
Thuwong Cat hé théng thiy chi bi anh huwdng

Son'y phﬁ _

Hinh 15. Két qud trén hinh dnh hién thij

etoseacn O Mm@ RSO 9O 7 . & e comy ~w 5

B- tose - T
Hinh 14. Website két qud dang txt, hinh dnh hién thij

nghiém trong. Dan t&i viéc khdc phuc lai hé
théng thay chi. Trong qua trinh khac phuc lai
¢6 nhitng nglt cdnh cta hinh anh thdy chi thém
da dang hon. Chdng han hinh anh thdy chi dudi
day cho thay, hinh anh hau nhu bi che khuat
toan bd do qué trinh khic phuc (Hinh 16).
Nhuwng modul phdn mém van cé thé phan tich
va cho két qua chinh xdc dwoc. Hinh anh tram
thdy van Thuong Cét, vSi canh bj che khuat gan
nhu toan bd, ngwdi dung cling khé doc bang
mat thuong duoc; nhung két qua phan tich van
cho két qua thady chi (TC: P3); cao dé “0” thdy
chi (CD: -110 cm); s6 doc (SD: 320 cm); muc
nudc (H: 210 cm); két qua trung khdp vai doc
bang mat thuwong.

TV Thuong Cat

Hinh 16. Két qué diéu kién bj che khudt
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b) Danh gia i‘ng dung cong nghé thi gidc may
tinh vao quan trac thay van trén gidn do tv ghi

Vé mat thuadt toadn va phuwong phap tinh
todn néu trén, cho ra két qua kha quan vdi diéu
kién hinh anh 6n dinh, 13p d&t gian d6 chinh
xac. Trong diéu kién:

- S6 ghi gia tri myc nwdc ban dau rd dang, dé
nhan dién (Hinh 17);

- Lap gian d6 khong bi xé& dich gian do
(Hinh 18).

c) Pénh gid &ng dung phan mém website
giam sat khi twgng thdy van Computer Vision

Hé théng gidam sit khi twong thay van
Computer Vision, duwoc xay dung trén nén tang

Website than thién véi nguwoi dung, thuan lgi
trong viéc gidm sat mot cach truc quan. Hinh
anh thuec té tai tram duoc tiép nhan dudi hinh
thirc livestream tryc ti€ép, ngudi dung nhin va
doc muc nudc bang mat thuong, thong qua
hinh dnh gidn @6, thay chi vdi thoi gian thuec.
Ngoai ra hinh anh ciing cho két qua gia tri thuc
té& ghi trén anh. Dong thoi gia tri dang txt hién
thi dang bang. Pay cé thé ndi 1a hinh anh truc
quan vé dién bién muc nudc.

Hé théng gidm sat cling mang lai ngudi dung
vé thiét |ap bdo cdo dang bang, dang biéu d6
(Hinh 19), nham phan tich tinh todn thdéng ké,
bdo cdo mot cach khoa hoc nhat (Hinh 20).

Hinh 17. Két qud phén tich trén hinh énhn aé

.M x| % X [E

Hinh 18. Két qué phdn tich cta hai tram trén hinh dnh gidn d6
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Hinh 19. Website gidm sdt téng thé
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Hinh 20. S6 liéu dang txt
4. K&t luan

NGi dung nghién ctu lya chon dwgc mo
hinh, thuat todn, co ché hoc may cda mé hinh
hoc mdy thi gidc may tinh dé tu déng tinh toén
gia tri muwc nwdce tir hinh dnh quan trac trén gian
dd may tu ghi muc nudc.

Nghién ctru cling d3 chi ra nhirng thuan loi,
khoé khan va mot sd giai phap dé nang cao hiéu
qua trong nhan dang, tinh toan gia tri muc nwdc
tlr gidn d6. Pay la diém quan trong dé thuc hién
ndi dung xay dung quy trinh 13p d3t va van hanh.
Cling |a co s& dé dua ra cac tiéu chi khi trién khai
nhan réng.

So sanh két qua phan tich tir modul phan mém
so vdi két qua quan tric hang ngay tai cac tram
trén thay chi kha chinh xac. Déi vdi trén thay chi
hau nhu it sai 8, ¢ sai s6 1 cm dén 2 cm nhitng
lic dnh hudng béo day. Doi véi gidn d6 sai s6
nhiéu hon, trung binh 2 cm (gidn d6 phu thudc
vao nhiéu yéu t6 clia quan trac vién khi thay gian

bdo cdo va biéu dé muc nwdc

d0); két qua rat kha quan véi hinh anh va 13p dat
giadn d6 6n dinh. Quan trac bang hinh anh ciing
c6 nhitng nhuwoc diém 13 khi mat dién tai khu vuc
tram, dan t&i mat mang internet, khéng truyén
dugc hinh anh dé phan tich. B6i vdi gian do, phu
thudc rat nhiéu vao quan trc vién khi thay gian
do6, gidn do c6 phang hay khong. Ngoai ra sai
s6 do d6 chinh xac cda gian d6, néu gian d6 cé
chinh xac s& it sai s8, gian d6 khéng chinh xac s&
dan dén sai s6.

Két qua nghién clru da duogc dp dung thuc
té tai cdc tram thdy van, m& ra huéng di mai
cho viéc phat trién rong rii trong quan trac muc
nudc da nganh. V&i wu diém chi phi thap, dé
khai théc, trwc quan va phu hop vdi cac diéu
kién dia hinh phirc hop, phuong phdp nay gép
phan thuc day nhanh qua trinh chuyén déi sé
trong Iinh vuc thy van, hd trg phat trién kinh
t€ xa hoi. K&t qua duoc trién khai tai cac tram
thdy van thudc Dai Khi twgng Thay van khu vuc
B3c Bo
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AUTOMATICALLY DETERMINE AND MEASURE WATER LEVEL
FROM MONITORING IMAGES
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Abstract: In the context of strong digital transformation, the application of computer vision technology
to hydrological monitoring brings great potential in the automation of water level measurement. This
paper presents a method for automatically identifying and measuring water levels from monitoring images
on hydrographs and diagrams of automatic water level recorders, based on the OCR (Optical Character
Recognition) and feature matching algorithms. This solution not only helps to improve accuracy and
minimize errors for users, but also makes the most of the existing monitoring infrastructure at hydrological
stations on the national network. The research results have been practically applied at hydrological stations,
opening up a new direction for widespread development in multidisciplinary water level monitoring. With
the advantages of low cost, easy exploitation, intuitiveness and suitability for complex terrain conditions, this
method contributes to accelerating the digital transformation process in the field of hydrology, supporting
socio-economic development.

Keywords: Automatic water level measurement, computer vision, handwriting recognition.
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