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NGHIEN CUU THIET KE CHE TRO THIET B] DO LUU LUGNG DONG CHAY
UNG DUNG CONG NGHE ADCP

ThS TRAN VAN TUAN, HO ANH TUAN, TRAN MANH THANG
Vién Nghién citu Bién i, Tin hoc, Ty dong hba
B6 Cong thuong

Bai bao gidi thiéu nguyén Iy 1am viéc, mat sé ddc diém chinh trong nghién ciu, thiét
ké, ché tao va thuc thi cac tinh toan luu lugng cta thiét bi do lvu lvgng dong chay dua
trén nguyén Iy ADCP. Nhifng két qua budc ddu cho thdy, nhom nghién ciiu da lam chi
cong nghé va ché tao dugc thiét bj do lwu lugng trén co s cong nghé hién dai, dap ing
cac yéu cau ky thuat cia thiét bj va hoan toan co thé dwa vao ing dung thuc té tai cac
tram quan trdc khi twgng thiy vin, gop phan thuc hién quy hoach tong thé mang ludi
quan trdc tai nguyén va mdi trudng qudc gia.

Tir khda: thiét bi do luu lugng dong chdy, ADCP.

RESEARCIH, DESIGN AND
MANUFACTURE OF FLOW
MEASURING INSTRUMENT
USING ACOUSTIC
DODPDLER CURRENT
PROFILER

Summary

In the paper, some main aspects
in the research, design and
manufacture of flow measuring
instrument based on the principle
of acoustic Doppler current profiler
(ADCP) has been addressed. ADCP
uses the broadband pulsed Doppler
technology. A highly reconfigurable
hardware to calculate flow using
ADCP has been developed. The
initial results presented in this
paper show that the ADCP has
measured flow well in accordance
with the standard flow meter.

Key words: flow measuring
instrument, ADCP.
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o

Nam 2011, Vién Nghién ctu Dién tl, Tin hoc, Ty dong hda dugc
giao thuc hién dé tai cdp nha nudc: Nghién clu, thiét k&, ché tao
thiét bi do luu lugng dong chay (ing dung céng nghé ADCP, thgi gian
thuc hién 2011-2014. Thiét bi do luu lugng dudc xay dung dua trén
phuang phap xU ly tin hiéu siéu &m phan hoi trong nudc theo nguyén
ly Doppler. Pay la phuong phéap tién tién dang dugc phat trién trén
thé gidi.

Hién nay, cac dai khi tugng 6 Viét Nam da phan van dang sl dung
céac thiét bi do luu téc theo cac phuong phap cii (dung phao tréi, kiéu
canh quat), chi c6 moét s6 tram do thdy van ving anh hudng thiy
triéu va mot sé tram ving déng bang séng rong dudc trang bi may do
luu lugng ty dong ADCP (My). Tuy nhién, do kinh phi dau tu may do
ADCP rat I6n (hang chuc nghin USD), khi c6 sy cd ky thuat thi viéc
slia chiia, bdo hanh mat rat nhiéu thgi gian, &nh hudng I16n dén yéu
cau giam sat luu lugng nudc lién tuc tai cac diém trong yéu, nén viéc
trién khai ting dung thiét bi ADCP trong céng tac quan tréc con nhiéu
han ché.

Xudt phat t nhiing yéu cau thuc té€ nay, Vién Nghién ctu Dién t,
Tin hoc, Ty déng hoa da tién hanh nghién ctu, thiét k€ va ché tao
thiét bi do Iuu lugng ADCP nham budéc dau chl ddng thiét k& ché tao
thi€t bi do luu lugng, 1am chl cong nghé va ché tao dugc thiét bi do
luu lugng dong chay trén cd s& cong nghé hién dai. S&n phdm cla
Vién da giup gidm gia thanh thiét bi so vdéi ngoai nhap, phu hgp véi
diéu kién kinh t& Viét Nam, gép phan thuc hién quy hoach téng thé
mang ludi quan tric tai nguyé&n va méi trudng quéc gia dén nam 2020
da dugc Thu tudng Chinh phi phé duyét.
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"A ° by A’t 2 on 4
0i dung va két qua nghién ciu

Nguyén ly lam viéc cua thiét bi do luu lugng
ADCP

Tin hiéu siéu &m dugc phat theo chu ky cap nhat
van t6c dong nudc, dé dam bao kha nang chéng
nhiéu, théng tin truyén di dugc ma héa theo phuong
phap diéu ché pha. Tin hiéu phat gap cac phan ti Io
Iing trong nuéc va phan hoi lai bé thu. Do thdi gian
phan héi clia séng siéu am ty 1& véi quang dudng
lan truyén trong nudéc, nén ta cé thé xac dinh van
tdc cla tiing I6p nudc theo thdi diém phan héi tuong
ting cla chung. Sau khi tin hiéu phan héi dugc giai
diéu ché va downsampling, thong tin phat ban dau
dudc phuc héi. T day, cé thé tinh dugc do dich tan
s6 Doppler cla tin hiéu phan hodi bang cach sl dung
ham tuong quan theo céng thuc:

~ tan™ (//R)

P 27IT

Trong do: f,: tan s6 Doppler, 1: két qua phan o
cQia ham tuong quan, R: k&t qua phan thuc clia ham
tuong quan, |: do tré ctia ham tuong quan, T: chu ky
trich mau.

TU két qua doé dich tan s6 Doppler, tinh ra van
toc tuong ddi clia nudc so vai thuyén theo cong thiic
Doppler:

cfp

V=—"
2f,cos@

Trong doé: v: van téc dong nudc; c: tdc do song
am; f,: tan so tin hiéu siéu am phat; 6: géc léch clia
dau do.

Viéc tinh toan van tdc dua theo su thay déi tan s&
Doppler ciing cho biét van toc tuong déi cta thuyén
déi vai long séng théng qua tin hiéu do day. NhaG
cac tham sé van téc tudng déi gitia thuyén so véi
dong nudc va thuyén déi vsi l1ong séng, thu dugc
van téc clia nudc. Tu profile cac diém do van téc
trén mat cat séng thu dugc gia tri luu lugng theo
biéu thuc:

0= j T ((V, %V, )k)dzdt
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Trong d6: j: vec td van tdc nudc, tinh bang m/s;

V,: vec to van tdc cla tau, tinh bdng m/s; k: vecto
don vi.

Thiét ké téng thé thiét bi do luu lugng ADCP

% |

Thiét bj do luu lugng (ADCP)

Mat cét dong chay

Hinh 1: thiét bj ADCP

TU nguyén ly lam viéc néu trén, thiét bi ADCP
dugc thiét k€ gom hai bd phan nhu sau: phan dugi
nudgc thuc hién chic nang thu va phat tin hiéu siéu
am, tién khuéch dai tin hiéu va chiia cadc module
sensor phu trg hé trg qua trinh tinh toan Iuu lugng;
phan trén can thuc hién chic nang thu thap, x ly
tin hiéu siéu am thu dudgc, thuc hién cac tinh toan
xac dinh phép do, déng thdi diéu khién xung phat.
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Hinh 2: so d6 khéi thiét bj do ADCP
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C4u truc cua thiét bi ADCP dugc xay dung bao
gdbm cac module chinh sau: module chuyén mach,
module khuéch dai va loc, module trich, gilt mau va
xU ly tin hiéu, module x{ ly trung tam va module céac
sensor phu trg.

Module chuyén mach thuc hién chic ning giao
ti€p véi cac dau do, lya chon chuy&n mach tin hiéu
theo tling thai diém cam bién siéu am thuc hién
chic nang phat hay chuc nang thu xung siéu am.
Khi nhan tin hiéu ti cac dau do, chon loc va dich
nhiing tan s6 nay vao dai tan co s, x ly tam thoi
dé dua tin hiéu tdi khoi khuéch dai va loc.

Module khué&ch dai va loc thuc hién triét nhiéu va
khuéch dai tin hiéu co kich trudc khi tinh toan phan
tich cac di liéu thu dudc. Tin hiéu sau khuéch dai
sé trG thanh tin hiéu dau vao cla module xu ly tin
hiéu.

Module xU ly trung tam thuyc hién nhiém vu phan
tich tin hiéu thu dugc qua cac phép toan quan trong
nhu giai diéu ché&, downsampling, tinh toan tuang
quan. Day la bd phan cé nhiém vy tinh toan véi khoi
lugng phép tinh va di liéu I6n véi téc do cao, dugc
thuc thi trén nén tang phan cliing FPGA va DSP.

Module phu trg s dung trong thiét bi gitp hé trg
viéc tinh toan, hiéu chinh va danh gia cac théng sé
do dudc cua thiét bi gém module la ban s6 va cdm
bién nhiét do.

Thuc thi tinh toan luu lugng nudc

Qua trinh tinh toan luu lugng va van téc nudc
dugc thuc thi qua 3 budc chinh bao gém: budc 1:
tién x{ ly tin hiéu dau vao, thuc hién trich 18y mau;
budc 2: giai diéu ché va downsampling di liéu;
budc 3: tinh toan ham tuong quan, tan sé Doppler,
van téc nudc va luu lugng. Trong do, qua trinh dau
dugc thuc thi trén IC AFE5809 cla hang Texas
Instruments, day la IC tich hgp dau vao tuong tu,
dudc thiét ké chuyén cho cac hé théng xu ly tin hiéu
siéu am. AFE5809 dudc tich hgp 8 kénh dau vao
vGi cac khdi khuéch dai hé sd nhiéu thdp, b loc
thong thap véi cac hé sé co thé lap trinh dugc, bd
chuyén dé8i tuong tu sé 14 bit téc do cao (65 MSPS).
Pac biét, IC nay dudgc tich hgp cac bd giai diéu ché
I/Q s6 sau khoi ADC va cac bd decimation filter vGi
hé s6 ti 1 dén 32. DAy la cac khéi co vai tro hét stic
quan trong, lam gidm mét cach dang ké khéi lugng
tinh toan cho FPGA va DSP, néng cao tinh tich hgp
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cho bo mach. D liéu dau ra la chubi di liéu chiia
két qua dang 1/Q sau bd decimation dugc dua ra
dudi dang ndi ti€p thdng qua dudng vi sai tdc dd cao
LVDS vdi t&c dd truyén co thé 1&n t6i 910 Mbps.

D{ liéu truyén dudi dang ndi ti€p, dugc xu ly
giao thiic LVDS bao gom viéc phat hién byte déng
bd, trich cac gia tri 1/Q trong chudi di liéu va Iluu
vao bd nhé FIFO trude khi thuc hién phép toan tinh
tuong quan. Do qua trinh nay can x{ ly di liéu vdi
tdc doé cao (160 MHz), song song ddi vGi 4 kénh
sensor nén dudgc thuc thi trén FPGA SPARTAN 6
clia Xilinx. C4u trac cac khaéi logic trong FPGA dugc
t6 chuic thanh cac core module theo céc chic nang
cu thé. Trong d6, module C674x_EMIF quan ly giao
tiép gilta DSP C645x vGi cac module chiic nang
trong FPGA théng qua giao thic EMIF.

Xilinx Spartané FPGA on MityDSP-Pro
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0 U
(1 .
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[ »
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DSP EMIF DSP EMIF oty
= > Interface
(C674x_EMIF.vhd) @
= 1= FE5809 LVDS Signals
L] AFESB09 Core |-t =
dof2} -
L= [ Core Specific Signals
— Other Cores >

Hinh 3: c4u tric module phdn mém cla FPGA

D liéu sau khi dugc giai diéu ché trén AFE5809,
xU ly giao thiic LVDS va downsampling trén FPGA
thi dugc truyén t6i DSP dé thuc hién cac phép toén
chinh. DSP s& dam nhiém hau hét cac nhiém vu
tinh toan, bao gom cac phép tuang quan, cac phép
tinh tan s6 Doppler, cac dai lugng van téc tuong
déi dé suy ra van tdc dong chay cla séng theo
cac binh dé khac nhau. Déng thgi DSP ciing thuc
hién nhiém vu hiéu chinh gia tri van toc tinh dugc
theo gia tri goc nghiéng thu dudc ti la ban sé, udc
lugng cac gia tri van téc gan bg, va tinh toan luu
lugng clia dong chay.
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Hinh 4: thudt toan xdc dinh luu téc va do day

Qua qua trinh nghién ctu ly thuyét va thiéi nghiém
trén nén tang phan cung da trinh bay & trén, nhom
nghién cliu da xay dung dudgc cdu tric va tién hanh
thiét k€& ché tao thiét bi do luu lugng dong chay dua
trén nguyén ly ADCP vGi cac thong sé ky thuat
chinh:

Goc mG chum tia R

am thanh Do ~22"

S0 bién tl (dang

chim 10i) 4

Do Séu Cé thé” do m 30 ( tén SEHdZé)U dOZ 600
B& nhd trong 4 GHz

Do chinh x&c van

v cm/s +1% dai do £ 1 cm/s
2 A ax +5m/s (mdc dinh), +

Dai do van toc m/s 20 m/s

Két hop GPS Co

Cam bién phu trg Nhiét do va la ban

Truyén tin Pdc tinh UHF/VHF, GPRS/GSM
2 s L Tié

V4 thiét bi Chué@‘n IP68
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Hinh 5: thiét bi do luu lugng dong chdy ADCP

Két luan
:

Budc dau, nhom nghién ctu da lam chd dugc
cdng nghé va ché tao dudc thiét bi do luu lugng
trén co sd céng nghé hién dai. K&t qua chay thi
cac thong sd ky thuat cua thiét bi tuong duong vdi
mau tham khéo clia nudc ngoai. Vé6i két qua nay,
nhém nghién ctiu hoan toan tin tudng san pham cé
thé dua vao s dung, phuc vu céng tac quan trac
luu lugng dong chay, giip gidm gia thanh thiét bi so
vGi ngoai nhap, phu hgp véi diéu kién kinh té Viét
Nam, déng gép thuc hién quy hoach t6ng thé mang
lUSi quan trc tai nguyén va méi trudng quéc gia
dén nam 2020 da dugc Tha tuéng Chinh phi phé
duyét &
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