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Tém tit: Hién nay, cac thiét bi do tu dong trén mang ludi quan tric khi tuong thiy van hau
nhu phu thudc hoan toan vao thiét bi ngoai nhap, viéc nghién ctru, ché tao, tién téi 1am chu
cong ngh¢ san xudt thiét bi do ty dong khi tuong thuy van la rat can thiét. Bai bao nay trinh
bay két qua nghién ciru, ché tao va thir nghiém thiét bi do muc nudc tu dong theo nguyén
Iy do khong tiép xuc bang cong nghé radar. Dua trén nghién ctru ly thuyét vé& nguyén 1y hoat
dong cua radar do muc nudc, thudt toan phéan tich phd FFT (Fast Fourier Transform) va
thuat toan tim dinh chinh xac (Peak detection), két hop v6i cac hoat dong thiét ké, ché tao
dién tur, nghién ctru da san xuét thanh cong thiét bi do myuc nudc khong tiép xuc theo nguyen
Iy radar sir dung song diéu tan lién tuc (Frequency Modulated Continuous Wave). Thiét bi
do sir dung song tan s6 60GHz c6 thé do muc nude tir 0,5 dén 40 m, do phan giai cho phep
do duoc t6i 0,001 m, do chinh x4c cua thiét bi sau qua trinh thur nghiém 1a £0,003 m. Thiét
bi da dugc Trung tdm Quan tric khi twong thiy vin kiém dinh va cap gidy chimg dinh dat
yéu cau ky thuat do luong.

Tw khoéa: Do myc nudc ty dong; Ché tao radar do muc nuéce; FMCW radar do muc nudc.

1. Mé dau

Ngay nay, voi sy phat trién manh me cua ky thuat dién tur, vién thong va cong nghé thong
tin, cac thiét bi phuc vu quan tric, giam sat cac yéu td khi tuong thuy van ngay mét tr¢ nén
hién dai, cho phép thuc hién cac phep do lién tuc, c6 dg chinh xac rat cao, tu dong truyén tin
hiéu theo thoi gian thyuc, gop phan ning cao chit lugng dit liéu phuc vu cong tac giam sat,
du bao, canh bao khi tugng thuy van [1].

Thuec hién chién lugce ty dong hoa, hién dai hoa nganh khi twong thuy van, nang cao nang
luc cho h¢ thong ‘quan trac hd trg du bao va canh bao thién tai, trong nhiing ndm qua mang
lu6i tram quan tric Kkhi twong thuy van dang dan thay thé cac thiét bi quan tric thu cong bang
cac thiét bi quan tric hién dai, ty dong quan tric thong qua cac du an dau tu ciia Nha nudc,
cac khoan vién trg ODA. Tuy nhién, cac du an hau hét déu dau tu qua hinh thirc mua sim
thiét bi cia mot s6 héng chuyén san xuét thiét bi do khi tugng thity vin ¢ nudc ngoai (tur My,
Phan Lan, Han Qudc, Trung Qudc...) do trong nudc hién tai chwa co héng nao san xuat hay
lap rap [2]. Viéc phu thudc vao thiét bi ngoai nhap, vdi chi phi mua sam cao, nén hau nhu
cac tram khong duoc déau tu thiét bi du phong, dan téi quan tric bi gian doan néu thiét bi gap
su c6 hodc trong thoi gian bao tri, bio dudng.

Nhitng ndm gan déy, cic nghién ctru, ché tao ché tao thiét bi quan tric khi twong thuy
van ¢ nudc ta cling da bat diu xuat hién, mot s6 nghién clru ndi bat nhu ché tao thiét bi quan
trac luu luong nudce[3], quan tric do man [4], budc dau d3 ché tao thanh cong mot s6 thiét bi
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quan tric tu dong. Tuy nhién, phan da cac nghién ctru, ché tao tap trung vao san xuét cac
thiét bi phu tro nhu mé dun hd tro cac [ram quan tric ty dong [5], md dun chuyén dbi di liéu
quan trac thi cong sang tu dong truyen dir liéu [6], bo tich hop va truyén dit liéu [7]. Hién
van chua c6 nhiéu cac nghién ctru, ché tao cac thiét bi quan trac hién dai, sir dung cong nghé
cao, vi du nhu radar do myc nudce tu dong.

Dé gop phan giam bét sy phu thude vao cong nghé quan tric ctia nude ngoai, thong qua
hoat dong nghién ctru nguyén ly phan xa ctia séng dién tir, cau trac, tinh ning va cac thuat
toan cta radar do myc nude, nhém nghién ciru da phéi hop véi Cong ty trach nhiém hitu han
cong nghé Sonrad ché tao thanh cong thiét bi quan tric muc nude tw dong. Thir nghiém trong
phong thi nghiém va hién truong tai tram thuy van Thanh Son tinh Phu Tho, budc dau cho
két qua thiét bi hoat dong 6n dinh, sai s6 dam bao yéu cau va duoc Trung tdm Quan tric khi
tuong thay vin cp gidy ching dinh dat yéu cau k¥ thuat do luong.

2. Phuwong phap nghién ctru
2.1. Gi6i thiéu cong nghé do murc nuede bang radar

Radar (Radio Detection and Ranging) 1a viéc sir dung song vo tuyén dé phat hién cac
dbi twong trong moi truong [8]. Thiét bi radar cho phép xéac dinh khoang céch (pham vi), vi
tri goc (goc toi) va van toc Ban dau, cong nghé radar dugc sir dung trong quéin sy, nhung
hién nay duoc ing dung rat nhiéu trong cac myc dich dan sy nhu giam sat giao thong, hang
khong, hang hai, thién vin hoc, giam sat dai duong, khi twong thiy vin, do do cao, quan tric
dia chat va cac ung dung tu dong khéc.

Hién nay, img dung nguyén ly radar dé do myc nudc rat phd bién. Khoang cach tir be
mat dén tiét bi dugc xac dinh bang mbi quan hé gilta van toc song va khoang thoi gian truyen
nhan. Radar phat tin hiéu séng t6i vudng goc vdi bé mit nudc, song phan xa tir bé mat chat
nuéce s& duoc thiét b thu lai. Khoang thoi gian tir lac phat song t6i khi nhan dugc song phan
xa dugc ghi lai, tir 46 x4c dinh duoc khoang cach tir bé mat nudc dén thiét bi, qua dé xéac
dinh dugc d6 cao muc nudce [9].
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Hinh 1. Minh hoa thiét bi do muc nude béng céng nghé radar va hinh anh thiét bi thuc té.

2.2. Nguyén Iy co ban cia radar sir dung séng diéu tan lién tuc

Radar st dung séng diéu tan lién tuc (Frequency Modulated Continuous Wave) 1a loai
radar str dung mot loai song lién tuc & mot tan s nhit dinh [10] sau d6 duogc diéu ché tén sO
(Frequency modulatlon) trong mot khoang thoi gian T. Diéu nay tao cho tin hiéu truyén di
theo mot “d4u thoi gian”. Tin hiéu truyén t&i muc tiéu va mot phan cua né duoc phan xa tre
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lai radar, tin hiéu phan xa dugc so sanh véi tin hiéu ban dau bang cach tron tin hiéu va sau
do6 xur 1y tin hiéu thu duoc theo so do tai Hinh 2.
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Hinh 2. Tin hiéu radar FMCW: Tan s, thoi gian truyén nhan va tan s sau khi tron hai song.

Tai thoi diém “to” radar phat ra mot song c6 tan s6 f va van tdc V truyén téi mot bé mat
phan xa cach diém phat mot khoang cach R, song phan xa dugc thu lai tai thoi diém tn, ldc
nay song di truyén di dugc mot khoang cach 1a 2R. Khi d6, cong thirc don gian tinh khoang
cach gitra radar va bé mit phan xa la:

2R=VT =V(T, — T,) = V.AT Q)

Trudng hop st dung song diéu tan lién tyc ta c6 cong thic tinh khoang cach giira radar

va bé mat phan xa la:

)
Trong d6 PRI la khoang thoi gian 13p lai xung (Pulse Repetition Interval), V la van toc
song tmyen fp 1a tan sb sau khi tron giira song truyén va séng nhan, B 13 tan s dai bang
thong diéu tan [11].
Vi cac gia tri V, B va PRI da dugc xac dinh trude, khoang cach R dugc xac dinh chinh
xéc khi tan s6 song tron f, duge xac dinh chinh xac. Phuong phéap phan tich phd FFT va thuat
toan tim dinh chinh x4c (Peak detection) s& duoc ing dung dé xac dinh tan s6 nay.

3. Két qua va thao luin
3.1. Thiét ké, ché tao phan citng, phan mém cho thiét bi

3.1.1. So d6 khdi thiét bi va thiét ké phan cimg thiét bi

Thiét bi do myc nudc bang radar sir dung song diéu tan bao gdm hai bo phan chinh: (1)
Mo dun phat song bao gdm: bd phan tao song (Waveform Generator) dugc két ndi véi mach
chuyén d6i sé trong tu (DAC-Digital-to—analog converter), mach dao dong diéu khién bang
dién ap (VCO-Voltage controlled oscillator) va Ang ten phét song. (2) M0 dun thu song
gdm: Ang ten thu dugc két ndi véi bo khuéch dai tin hi¢u tap am thip (LNA-Low—noise
amplifier), b loc thong thap ¢6 chirc néng loc céc tin hiéu tan s6 thap (LPF—Low—pass filter),
bd chuyén ddi twong ty ra s6 (ADC-Analog digital converter) va bo xir 1y tin hiéu (DSP—
Digital singal prossessing) [11].
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Waveform
Generator

Hinh 3. So db khdi cua thiét bi do myc nuéc bang radar sir dung song bién tan lién tuc.

3.1.2. Hé thong nhung

Hé thong nhung (Embedded system) 1a mot thuat ngit dé chi mot hé théng c6 kha ning
tur tri duoc nhing vao trong mét méi truong hay mot hé thdng me. Do 1a cac hé thdng tich
hop ca phan cing va phan mém phuc vu céac bai toan chuyén dyung trong nhiéu linh vuc cong
nghiép, tu dong hoa diéu khién, quan tric va truyén tin. Dic diém cia cac hé théng nhung 13
hoat dong 6n dinh va co tinh ning tw dong hoa cao. Hé thong nhiing thuong duoc thiét ké dé
thye hién mot chirc ndng chuyén biét nao do [12].

Trén co s6 md hinh hoat dong cua thiét bi phan cing cta thiét bi radar dugc thiét ké theo
hé thong nhing gom: phan clng (gém céc bd phan chip vi xur ly, cac linh kién dién tir, mach

két ndi connetor...), phin mém tinh toan va diéu khién (dugc thiét ké trén ngon ngir lap trinh
C++).
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Hinh 4. (a) So d6 khi hé théng nhung; (b) Thiét ké 3D cua thiét bi do muc nudc bang radar sir dung
song bién tan lién tuc.

3.1.3. Phan cung ciia thiét b

Dua trén thiét ké hé thong nhiing va so d6 khéi thiét bi, sir dung cac linh kién dién tir cua
hdng Texas Instrument nhu: Chip don tich hgp AWR1243FBIGABLRQ1 1a bd thu phat
FMCW c6 kha ning hoat dong ¢ bing tan 76 dén 81 GHz la thiét bi sir dung phd bién cho
cac hé théng radar cong suét thap [13], chip xtr Iy tin hiéu k§ thuat s& ARM Cortex 4 6 chirc
ning diéu khién tin hiéu k§ thuét so [14], chip LP8752x-Q1 quan ly nguon [15]...va cac
thanh phan dién tir hd trg két ndi khac, nghién ctru da ché tao thanh céng phan cimg cho thiét
bi radar do myc nudce (Hinh 5).
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Hinh 5. (a) Hinh anh thyc té cta bg vi xtt 1y trung tam; (b) Bo mach két néi.

3.1.4. Thuat toan va phan mém

C6t 151 phan mém cua thiét b 1a thudt toan tinh toan khoang cach dua trén tan sb fo (tan
s0 sau khi tron gitra song truyen va song nhan). B¢ xac dinh fy, thiét bi ap dung phuong phap
phan tich pho FFT va thuat toan tim dinh chinh xac (Peak detection) nham tang d¢ phan giai

[16-17].
‘Ngon ngit 1ap trinh C™ dugc nhém nghién ctru st dung dé viét phan mém nhung diéu

khién tinh toan va cAu hinh thiét bi.
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Hinh 6. Thuat toan xac dinh tan sb fi, dé tinh khoang cach.

3.2. Thiét ké phan co khi cia thiét bi

IP “Ingress Protection” hoic “International Protection” 14 tén mot hé thong xép loai cho
biét kha nang bao v¢ linh kién ctia cac thiét bi dién tir [18]. Hé thong xép hang nay bao gom
ki tu chir hodc s0, moi ki tu s€ cho biét thong tin vé mirc d0 bao vé doi1 voi mdt tdc dong khac
nhau (Hinh 7).

Ciac cap d6 bao vé IP

Hinh 7. Minh hoa cip do bao vé thiét bi theo tiéu chuan IP.
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Vi chiic nang do myc nudce, radar dugce lép dat & ngoai troi, st dung tai khu vuc song,
sudi, hd c6 do 4m cao d& gay hong hoc thiét bi khi bi nudc xam nhép. Do vay, thiét ké phan
co khi thiét bi va sir dung vat liéu lam vo thiét bi 1a nhom tinh dién va nhya HDPE dam bao
thiét bi du tiéu chuan IP67. Cu thé, theo tidu chuan IP67, thiét bi c6 thé sir dung duoc ngoai
choi, chdng mua, chong bui xdm nhap tuyét dbi (Hinh 8).

@ (b)
Hinh 8. (a) Ban v& thiét ké phan co khi; (b) Hinh anh thyc té cia radar.

3.3. Két qua thir nghiém thiét bi

3.3.1. Két qua tai phong thi nghiém

Pé xac dinh duoc do chinh x4c cua thiét bi do muc nuéc, nhém nghién ciru da tién hanh
so sanh két qua do cua thiét bi véi chuan myc nude hién dang sir dung tai phong Thiét bi va
Kiém dinh ctia Trung tdm Quan tric khi twong thuy vin va kiém tra thyc té tai tram Thuy
van Thanh Son, huyén Thanh Son, Phu Tho.

Tai phong thi nghiém, thiét bi duoc thir nghiém 18 1an do véi cac muc chuan duoc chon
tir 500 dén 3500 cm. Két qua sb lidu quan tric c6 do sai 1éch trung binh so véi muc chuan 1a
+0,3 cm, sau 18 lan thir nghiém két qua déu cho muyc nude thién cao hon so v6i muc chuan
(Hinh 9). So sanh vdi sai s6 ctia cac thiét bi quan tric muc nudc bang cong ngh¢ radar hién
nay dang str dung cho thay, thiét bi ché tao khong thua kém véi cac thiét bi nhap ngoai [19-
22].

K&t qua thtr nghiém thiét bi tai phong thi nghiém
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Hinh 9. Két qua thir nghiém sai s6 do trong phong thi nghiém.

3.3.2. Két qua thir nghiém tai hién trudong
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Thiét bi duoc lép dat tai tuyén do thuy van cua tram thuy van Thanh Son, Phu Tho tir
ngdy 14 thang 7 dén 04 thing 8 nam 2022. Tai hién truong, két qué thir nghiém c6 sy khac
biét v4i thir nghiém trong phong thi nghiém, s liéu quan tric duoc thién thip hon so véi
muc nudc quan tric cua tram thuy van, v6i muc sai khac dao dong tir —5 dén 3 cm (Hinh 10).
Két qua khac biét nay nguyén nhan do mit séng khong phai 1a mat nudc tinh nhu trong phong
thi nghiém va gia tri myuc nude do bang thuy chi thuong khong co do chinh xéc cao.

Sai s0 cua thiét bi khi 1ap dat tai tram thiy van Thanh Son trong thoi gian
thir nghiém tir ngay 14/7/2022 dén 04/8/2022
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Hinh 10. Két qua thir nghiém sai s6 do tai tram thiy van Thanh Son.

4. Két luin

V61 muc dich nghién cuu, ché tao va thur nghiém thiét bi quan tric muc nudc tu dong,
trén co so 1y thuyét vé phan xa song dién tir, nghién ctru da ché tao thanh cong thiét bi quan
trac myuc nude ty dong theo cong nghé radar sir dung song bién tan lién tuc. Két qua thir
nghiém budc dau cho thdy, sai sb cua thiét bi ché tao twong dong voi sai s6 ctia céac thiét bi
ngoai nhap hién dang str dung trén mang ludi quan trac khi tuong thay van.

Nghién ctru dd dat dugc két qua kha quan, tuy nhién van con nhiéu diém han ché nhu
thiét bi méi chi dugc thi nghiém trong khoang thoi gian ngén tai mot vi tri quan tric, can c6
thoi gian thur nghiém du dai dé khang dinh chéc chan sai s6 cua thiét bj dam bao quy chuan
tiéu chuan vé sai s6 cho phép trong quan trac myc nudc thuy van trudc khi dua vao quan tric
nghiép vu va mat han ché 16n nhét 1a van phu thudc vao viéc mua linh kién cua nudc ngoai.
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dé xuét cai tién cong nghé: T.V.T., N.M.H.; Viét ban thao ba1 bao: T Q.N.; Chinh sua bai
bao: V.N.L.
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Research, manufacture and test automatic non—contact water
level measuring device using radar technology
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Abstract: Currently, automatic measuring devices on the hydrometeorological monitoring
network of Vietnam almost completely depend on imported equipment, research,
manufacture, and progress to mastering the technology of automatic measurement
equipment production. hydrometeorology is essential. This paper presents the results of
research, manufacture and testing of automatic water level measuring device according to
the principle of non-contact measurement by radar technology. Based on theoretical
research on the operating principle of water level radar, FFT (Fast Fourier Transform)
spectrum analysis algorithm and Peak detection algorithm, combined with design and
fabrication activities. In order to create electronics, the research has successfully built a
water level radar (type FMCW radar). Water level radar using 60GHz frequency wave can
measure water level from 0.5 to 40 m, resolution 0.001 m, accuracy of device after testing is
+0.003 m. This equipment has been tested and certified by the Center for hydrometeorological
observation and has met the metrological requirements.

Keywords: Automatic water level measurement; Fabrication of water level radar; FMCW
water level radar.



