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Tém tit: Po kich thiede hat mwa c6 ¥ nghia I6n déi véi nhiéu iing dung nhir truyén
song, soi mon dit trong nong nghiép, nghién ciru khi tuong, moi truong, vat ly khi
quyén, do luong cdu tric tang doi luu,... T hlet bi do mua chao ldt duoc sir dung rong
rdi hién nay khong thé do duwoc cdc thong sé hat miea ma can phdi c¢é cdc dong thiét
bi khdc nhue: thiét bi do bang tac dong co hoc, do bang hinh dnh va do bang hiéu img
quang hoc. Khdc phuc nhitng nhwoc diém nhw khong do duoc hat ¢6 vin téc cao,
nhiéu méi fruong lom cua cdac thiét bi do bang tdc dong co hoc, cong kénh, khé vin
chuyén, trién khai ldp dat, gia thanh cao ciia thiét bi do bang hinh anh, cdc thiét bi do
bang hiéu vmg quang hoc da tré: thanh luwa chon hop Iy trong Li’ng dung do kich thuoc
hat mua. Trong nhom nady, do kich thudc hat bang hai ddi anh sang tinh theo dé sdu
diéu ché khong phu thugc vao toc do hat da dwoc lwa chon dé ‘nghién ciru. Bai bao da
chi ra han che clia phwong phdp va dé xudt nhiing cdi tién vé phan cing ciia thiét bi
ciing nhw vé phwong phdp tinh, thudt todn tinh kich thieée hat nham ndng cao hiéu
qua do. Két qua thir nghiém cho thdy cdc dé xudt c6 tinh khoa hoc, déng gop méi va
hiéu qua cho dong san pham do kich thuée hat mua.

T khoéa: 1,-)0 lru'(‘)rng; Xir ly dir liéu; Quang dién tir; Du bao Iuwong mua; Thiét bi do mua.
Cac tir viet tat: JWD — Joss Waldvogel Disdrometer; 2DVD — Two Dimension Video Disdrometer; SVI -
Snowflake Video Imager; SNR-Signal to Noise Ratio.

1. PAT VAN PE

Théng sé do kich thude hat mua, phan bd kich thudc hat mua ¢ y nghia 16n dbi véi
nhiéu tmg dung trong nghién ciru khoa hoc, thwong mai va cong nghiép. Vi du nhu: Panh
gia suy giam, méo tin hiéu trong lan truyén song dién tir khi c6 mua; Panh gia vin dé
truot, troi cua dét trong canh tic nong nghiép; La tham sb can thiét trong cac nghién ciru
thudc linh vuc khi tugng, méi truong, vat 1y khi quyén, quang dan dam may va do luong
cdu trac cia tang doi luu [1].

My do thong sb mua duoc sir dung phd bién hién nay 1a thiét bi do mua kiéu chao lat.
Thiét bi nay chi c6 thé do lwong mua, cudng d6 mua va thoi gian mua. Khi can do kich
thuéc hat mua, ngudi ta phai ding cac dong thiét bi khac. Dya trén nguyén 1y ung dung,
c6 thé phan thanh cac nhom thiét bi: do bang tac dong co hoc, do bang hinh anh, do bang
hiéu tng quang hoc.

Nhom do kich thudc hat mua be"mg tac dong co hoc dau tién 1a do béng mang loc cua
Diem (1956), sau d6 1a Joss and Waldvogel (1967) nghién ctru do kich thudc bang tac
ddng cua hat 1én cam bién co dién (thiét bi JWD — Joss Waldvogel Disdrometer). Sau do,
cac nghién ctru ciia Tokay va cong su (2001), Caracciolo va cong su (2006) da chi ra rang
JWD thich hop v6i cac trdn mua c6 cudong do mua nho va trung binh, vdi cac trén mua co
cuong d6 mua 1on, c6 gio to va cac hat mua bi vo khi va cham xuéng cam bién s& gdy ra
cac sai s6 16n do cam bién bi rung lién tuc. Cong trinh ctia Thurai va cong su (2013) da
chung minh JWD khéng thé do vén toc hat [2, 3].

Nhom thiét bi do bang hinh anh sir dung camera dé chup anh ciia cac hat mura roi dung
cac phan mém xur 1y anh trén may tinh dé phan tich, tinh toan cac thong sb cua hat. Cac
nghién ctru cua Kruger va Krajewski (2002); Schonhuber va cong su (2007) da dua ra loai
thiét bj 2DVD (Two Dimension Video Disdrometer) ding do cac théng s hat mua. Dé do
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cac thong s6 hat tuyét, nghién ctru cia Newman va cong su (2009) dua ra loai thiét bi SVI
- Snowflake Video Imager [2, 3]. Nhom thiét bj ndy ¢6 vu diém do duoc nhiéu thong sb
nhu kich thuéc, van téc, hinh dang. Tuy nhién, véi cAu tao gém phﬁn cam bién ngoai troi
va may tinh xtr Iy bén trong tii khién kich thudc ciia thiét bi kha cong kénh, kho trién khai
& nhimng noi han ché vé khong gian, ngoai ra gia thanh ciing dat gap 3 dén 5 lan so véi
nhém san pham do kich thude va van tdc hat mua khac.

Nhoém do bang hleu ung quang hoc st dung nguon sang va didt quang dé do cac thong
s6 kich thudce va van toc cuia hat mua. Tuy theo s luong dai 4nh sang di dén didt quang c6
thé phén ra thanh hai loai 1a: loai mot dai sang - theo cac nghién ciru ciia Loffler-Mang va
Joss (2000), Lanzinger va cong su (2006) [2] va loai hai dai sing — cac nghién ctru cua
Kiesewetter D. V. va Malyugin V.I (2004) [8], (2009) [7], Michael Peter Cloos (2007),
Bryson Evan Winsky (2012) [3]. Cac cong trinh nay di khic phuc duoc nhitng nhugc
diém ctia nhom do béng tac dong co hoc ciing nhu ctia nhém do bang hinh anh da néu trén.
Nhom thlet bi do bang hiéu mg quang hoc la Iya chon hop 1y cho nhiing ing dung do cac
thong s6 hat mua va théng sd tran mwa. Tuy nhién, véi ting loai thiét bi thudc nhom nay
cling c6 nhiing khac biét. V&i loai mot dai sang, kich thudc hat mua dugc ndi suy tir bién
d6 cuia mot xung quang dién thu duoc, con van tdc hat dugc ndi suy tir dd rong cua xung.
Bién d¢ va d rong cua xung quang dién phu thudc vao vi tri hat di qua dai sang khi ma
mat d6 ning lugng cia dai sang chiéu den didt quang khong dong déu. Nghién ctru cua
Fransson va cong su (2011) [3] chi ra rang v6i cung mot hat c6 kich thudc xac dinh, & vi
tri trung tdm cua dai sang, duong kinh hat do dugc qua 16n con ¢ ria cia dai sang thi lai
qua nhd. Vi loai hai dai sang, kich thudc va van tdc hat dugc ndi suy tur bién do va do
rong cuia hai xung quang dién nén nhiing sai sé do vi tri hat cat qua dai sang di dugc han
ché. Nghién ctru ctia Bryson Evan Winsky (2012) [3] dé tinh véan tdc hat tir phén tich cac
xung thu dugc rodi ndi suy ra duong kinh tir van téc do, con trong nghién ctru ctia V.I.
Malygin va D.V. Kiesewetter (2004) [8], (2009) [7], duong kinh cua hat dugc tinh tir 6
sau diéu ché M cua cac xung thu duoc cht khong noi suy tir van toc hat, nén phuong phap
ndy con goi la phuong phap do kich thudc hat bang hai dai sang tinh theo d¢ sau diéu ché,
do d6 han ché sai s6 tinh toan. Phat huy uu diém trén, trong bai bao nay nhom nghién ctru
s& dua ra nhitng dé xuit mdi nham nang cao hiéu qua do kich thudc hat mua [7, 8].

2. NOI DUNG NGHIEN CUU

2.1. Han ché trong phwong phap do kich thwéc hat mwa bang hai ddi anh sang tinh
theo d9 sau diéu ché

Phuong phap do do V.I. Malygin va D.V. Kiesewetter dé xuat [7, 8] x4c dinh tham sb
kich thudc hat br:ing cach do d6 sau diéu ché M cua xung quang dién thu dugc trén dibt
quang 6 (hinh 1) khi hat di cit qua chum sang do ngudn laser diode 1 va thau kinh tao chum
anh sang song song 2 tao ra. Hinh 1 mé ta cu trac cua thiét bi theo phwong phép trén.

(

——| 4

1 I' ¢ i

1.Laser diode; 2. Thdu kinh tao chum song song; 3. Khoang do, 4. Man khe sang;
5. Thau kinh hoi tu, 6. diot quang
Hinh 1. So d6 khoi thiét bi do hat qua hai khe cach tir [7].
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Anh sang di qua hat roi trong khoang do 3 t61 hai khe nhay sang (don gian nhat 13 khe
hinh chir nhat ) trén man chin 4 s& tao thanh hai dai sang di dén thiu kinh hoi ty 5 trudc
khi téi diét quang 6 dit tai tiéu diém cia 5. Dang xung quang dién thu duogc trén dibt
quang 6 khi c6 hat di qua chum sang dugc mé ta trong hinh 2. Gia dinh 14 hat den hinh cu
chuyén dong l1an luot tir trén xubng dudi.

Hinh 2. M6 ta chuyén dong ciia hat khi cdt qua ddi sang chiéu t6i cdc khe nhay sing va
xung quang dién tuwong ung thu duwoc [5].

Diém cyc tiéu ciia xung xay ra khi hat di qua diém 2 va 4 (hinh 2) 13 diém ma tai do
tAm hat thang dung véi truc ngang cua khe. Diém cyc dai xay ra khi hat di qua diém 3
(hinh 2) 1a diém ma tim cia hat thing hang v6i dudng trung tdm giita hai khe. Hinh dang
xung quang dién phu thudc vao ty 1& kich thudc hinh chiéu hinh hoc cua hat khi cit qua
dai sang so véi kich thudc cua khe nhay sang va khoang cach giira chiing. Khong 1am mét
tinh tong quat, sir dung xung quang dién dao nguoc, d6 sau diéu ché dugc tinh theo (1) [8].

W
Imax + Imln

Trong d6: I,y 12 cuong do dong quang dién cuc dai ciia xung quang dién dao nguoc;
Iin 12 cuong do dong quang dién ¢ diém cuyc tiéu ciia xung dao nguoc. Néu tinh dén sy
nhidu xa boi hat, duong cong I(t) co thé thay doi nhung ban chit cua phuong phéap sé
khong thay d6i. Mbi quan hé cua M va R dugc xay dung trudc bﬁng thuc nghiém véi cac
hat cau bang kim loai c6 kich thudc biét trude thé hién & dudng cong M(R) [8].

(M

Trong cong trinh [8], ngudn sang st dung la laser diode nén d¢ ddng déu ciia chum
sang phat ra van bi nhleu do loai nguon sang ban dan ndy co tinh coherent. Bén canh do,
viéc diéu chinh ngudn sang va di6t quang vao ding vi tri ti€u cy cua cac thau kinh tuong
ung la dleu chinh cimg nén s& kho khan trong khi can hiéu chinh truc quang trong diéu
kién thuc té st dung.

Trong nghién ctru [7, 8], dé xac dinh gia tri duong kinh hat mua can do sau diéu ché M
cla xung nam trong khoang 0 <M < 1. Diéu d6 doi hoi chiéu rong w; clia khe nhay sang
phai xap xi duong kinh 16n nhét D, can do, con khoang cach w, gifta cac khe nhay sang
gén béng duomg kinh nhé nhét D,,;, cua hat can do. Néu Wy << Doax thi dai do kich thudc
s& twong ddi nho. Néu We >> Dyniy thi d0 séu diéu ché sé tién t6i 1 & gia tri duong kinh Dy,
> Dyin tlic 12 dai do s& nho hon mong muén. Néu W << Dpin thi d¢ sau diéu ché s& tién
dénoo gia tri duong kinh Dy, < Dy, tic pham vi do dugc s€ bi thu hep lai. Nhu the &
phuong phap nay, dai do cua kich thude hat kém va phu thudc rat 16n vao kich thude hinh
hoc va khoéang céach gitia cac khe nhay sang.

Dé khic phuc nhiing han ché néu trén, trong qué trinh nghién ctru, nhom tac gia da dé
xuét nhitng déng gép maéi nham nang cao hidu qua do ciia phuwong phap [8].
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2.2. Pé xuit cai tlen, ning cao hiu qua do kich thuéc hat mua bang hai dai 4nh sang
tinh theo d9 sau diéu ché

2.2.1. Cdi tién vé cau triic thiét bi theo phwong phdp [7, 8]

Pé khic phuyc tinh trang nhiu quang xuit hién & bén thu, ngudn sang duoc lya chon la
LED [5].

Dé viéc hidu chinh truc quang dugc dé dang hon, dé xuat cai tién tir hi¢u chinh cing
thanh hiéu chinh mém bang céc 16 xo dong trong cong doan hiéu chinh nguon sang va dlot
quang vao ding vi tri ti€u diém cua thiu kinh twong Gng. Hinh 3 mé ta ciu tric co cu
hi€u chinh truc quang mém.
1.Vit chinh truc x;
2.Vit chinh truc y;

3
. 3.B¢ vit va lo xo chinh
\ = tieu cu;
@ 4. Mach chira cam
\[
4

bién hodc nguon sang;
5.Khung do hé diéu

' chinh tiéu cw 3 va 4;
S / 1 l . 6. Gid do_thiu kinh
i é L s ‘ hodc hé thau kinh man
. chan tuy theo khoi thu
T hay phat;
7.Thanh  cimg  noi
khung 5 va gia 6;
@® 8.Lo xo de chinh truc
Xy,
9. Nap ddiy ong
Bl 1 thu/phat quang;
& 10.Ve ong thu phat
quang.

Hinh 3. M6 ta co cau hiéu chinh truc quang mém.

2.2.2. Pé xudt phwong phdp tinh

Khi dé cap dén kich thudc hat mua ¢ ddy 13 ndi toi duong kinh twong duong cua hat mua
(hinh chiéu ctia hat mua cat qua dai sang) so véi duong kinh chuan ciia mét vat den co cing
dap ng xung quang dién. Sir dung nhitng vién bi sit hinh ciu (vat den) co kich thuéc khac
nhau ¢ nghién ctru ndy boi chung c6 duong kinh khong déi dé dang do duoc khi dung
phuong phéap co hoc nén hoan toan c6 thé coi 1a mot loai mau duong kinh chuén. Khi st
dung vién bi sat hinh cau , nghién ctru da tim ra dugc bién so dé giam thiéu duoc sai s6 do
boi hé théng (14 sai s6 ngéu nhién). Sai s6 ciia hat mua bao gdm sai sb hinh dang hat va sai
s0 boi hé thong do, trong d6 do thyc hién bang phuong phap thong ké nén sai s6 hinh dang
hat anh huong khong 16n dén tong sai sé phép do. Giam thiéu duoc sai s6 do boi hé thong
nay gitp cho do chinh xac cua két qua do kich thudc cua hat mua duge ning cao hon. Do
do, ¢ day s€ phén tich cac xung quang dién thu dugc trén didt quang do hat chuén (vién bi
sat) cat qua dai sang chiéu t6i cac khe nhay sang dé dé xuat phuong phap tinh.

Tuy thudc vao kich thude hinh chiéu hinh hoc D ciia hat khi cit qua dai sang so véi
chidu rong w, ciia khe nhay sang (hai khe c¢6 cing kich thudc) va khoang cach w, gilta
chung, hinh dang xung quang dién thu dugc lai khac nhau. Hinh 4 mo ta cac dang xung
quang dién thu dugc trén dibt quang khi tha cac hat c¢6 kich thudc khac nhau qua khoang
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do cua thiét bi theo phuwong phap.

(2) D < 2ww, (b) D = 2w.tw,
Hinh 4. Cac hinh dang xung quang dién thu duoc khi tha cdc hat cau kim loqi
¢o kich thuoc khac nhau qua khodng do.

Buong kinh cua cac hat va tbc do cua ching c6 thé xac dinh chinh xdc nhét bing
phuong phap t6i wu hoa tai tit ca cac diém cua xung, so sanh xung nhan dugc vdi hinh
dang xung tham chiéu tir cac hat c6 duong kinh biét truée. Tuy nhién, phuong phap nay
doi hoi tinh toan phurc tap, tén thoi gian. Do d6, khong thé sir dung trén cac bd vi xir 1y va
may tinh c4 nhan dé c6 duoc két qua trong thoi gian thuc. Béi vy, can chon mot s diém
dic trung cua xung (¢ day s& xét dén xung dao nguoc cta xung ¢ hinh 2) va sau do st
dung chiing dé xé4c dinh tham sb cua cac hat.

Trong bai bao ndy, tity vao hinh dang xung ma diém dic trung s& khac nhau.

V6i dang xung c6 hai chdi xung (hinh 4a), qua thyc nghiém va tinh toan, thiy rang
muc 0,75 cta bién do 16n nhét cia xung tin hiéu thu dugc cho két qua kha quan nhat. Mc
nay dugc lya chon va sau day goi la bién 6 k75 va duoc tinh theo cong thire (2).

lozs 3 7 lozs 2
Koy = ————— ()
lozs 4 —lozs 3

Vi 175 « 1a chi s mau tuong tng voi gia tri 0,75 X Upax _1(2) O sudn cua ting chdi Xung
(vo1 x = 1+4 theo cac chdi xung dugc mo ta trong hinh 5) trong tap n mau dugc lay véi tan
s6 1ay mau f (Hz). Theo [3], tan s6 14y mau 1a 50 kHz va sé luong méu 16n hon 1000 mau
thi c¢6 thé khoi phuc dwgc hinh dang xung quang dién thu duogc nén trong nghién ctru nay
s6 lugng mau lay 14 n = 2000 mau.

10752 Umam Umaxz 1075_3
0.75U 1075_1 p(/z(ws_zt
max
0,10 |
0.5U
X

= 05 1 105 2

0,15

in

0.00 min

-0,05 | 1 | 1
30 35 40 45 50 55

t (ms)

Hinh 5. Hinh dang xung quang dién thu dwoc khi hat co dwong kinh 4.0 mm
di qua dai sang (voi cdc khe hep co kich thudc wy =2mm, w, = Smm, A=630 nm) [5].
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Ham quan hé giita duong kinh twong duong hinh ciu cta hat mua va bién s6 ko5 dugc
xdy dung bang viéc tha cic vién bi st hinh cau c6 kich thude biét trude nam trong dai do
qua khoang do, sir dung thong ké va phan tich da thirc hdi quy bac hai tim ra duoc mbi
quan hé nay theo dang phuong trinh (3). Hinh 6 mo ta su phu thudc cua D vao ko5 khi tha
cac vién bi trong dai do tir Imm dén 6 mm.

D = A+ Bkys + B2k§75 (3)

= A
—— Polynomial Fit of Data1_A

6.0

55 o

5.0

E
£
0 45
4.0
35
T T T T T T T
0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
k075
(a) D < 3,5mm
= A
Polynomial Fit of Data1_A
3.5
3.0 H
— 2.5 4
E
E
=t
2.0 L]
15 4
1.0 T T T T T T T T T 1
0.45 0.50 0.55 0.60 0.65 0.70
k075
(b) D> 3,5mm

Hinh 6. M6 ta su phu thudc cua D vao kys.

V6i dang xung c6 mot chdi xung (hinh 4b), dudng kinh D dugc tinh théng qua bién do
cuc dai clia xung quang dién up,, khi chdi xung khong bi bang dau con véi chdi xung bang
dau, duong kinh D duoc tinh thong qua do bang dau ly. Twong tu nhu dang hai chdi xung, st
dung céc vién bi hinh ciu bang sit biét trudc dudng kinh, thong ké va phan tich da thirc hdi
quy béc hai tim dugc cac dang phuong trinh mo ta mdi quan hé nay (phuong trinh 4 va 5).
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D=A,+B,u, +B,u, 4)
D=A, +B,l,+B,l; (5)

Nhu véy dé tinh dwoc duong kinh hat, cAn phai c6 cac budc sau:
- X4c dinh dang xung, tim cac diém dic trung theo timg dang xung (hinh 7);

- Xéy dung duoc duong cong hiéu chuan kich thuéc D(koss) hodc D(umax) hodc D(la)
(chi thyc hién khi san xuét thiét bi trude khi dwa ra chay, do dac thuc té hodc khi hiéu
chinh lai thiét bi);

- Tinh toan duong kinh theo cac phuong trinh quan hé (3,4,5) da duoc xay dung trudc
theo timg dang xung (hinh 8).

Thut toan thyc hién do va tinh todn kich thu6c hat do nhém tac gia xay dung dugc thé
hién trong hinh 7-8. Thuat toan nay hoan toan cho phép nhing vao vi xur ly téc dg cao dé
tinh toan kich thudc hat mua va dong thoi cling tinh luén dugce van toc hat ¢ ché do thoi
gian thuc.

DBoc dit héu vao mang Data_Array[n]

'

btwo_pulse=0;// c&r bio xung 2 chdi

bone pulse no_flat=0; // c& béo xung 1 chdi nhon
bone_pulse_flat=0; // iy béo xung 1 chbi bing dan
valmax1=0 ; gid tri 16n nhét dat duoc & swon 1én déu tisn
imax1=0 ; chi s6 imax1 cia valmax1 trong tip mau
valmax2=0 ; gia tr1 1én nhit dat dwoe & swon 1én ddu tién
imax2=n-1 ; chi 56 imax1 cta valmax? trong tp mau

Tim valmax1; imax] ; valmax2; imax2 ‘
Sai Sai

imax] = imax2

- imax] # imax2 >
w

Tim valmin; imin

umax=valmax1

bone_pulse_no_flat=1 - f 0
bone pulse flat=0; Ding . biwo_pulse=0,
bitwo bulsed: Sai | bone_pulse no_flat=0 N
P ’ bone_pulse_flat=1;
ld=imax2-imax1

bone_pulse_no_flat=0 ;
bone_pulse_flat=0;

btwo_pulse=1;

Tim 1075_1,1075_2,1075_3,1075_4

Hinh 7. Thudt toan xdc dinh hinh dang xung.

O cac nghién ctru [5, 6], dé t6i wu hoa thong sd cua cac khe nhay sang trén man chan 4
(hinh 1), can dya vao ti so tin hiéu trén nhiéu SNR. Khi d6 rdng w, qua nho, cong suat anh
sang di téi diot quang s€ nho. Tin hiéu nay bi anh huong boi nhicu do ty ban than diot
quang va tang khuyéch dai dau vao khién ti s06 SNR nho. Thém 46, d6 rong w, qua nhd gay
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ra nhiéu kho khin trong viéc ché tao khe nhay sang. Khi ting w, cong suit birc xa quang
t61 ddu thu quang tang 18n, khi d6 nhidu sé ting ti 18 véi 1'%, trong d6 I 1a mat do birc xa toi
dau thu quang. V&i wg> Dy, khi tang wy, nhiéu sé& tang con tin hiéu co ich hau nhu khong
thay doi (vi tin higu c6 ich thu dugc chii yéu do bong cua giot nudc nhu 1a mot thau kinh
tiéu cu ngan gly ra), tirc ti s6 SNR nho di. Vi wy < Dpin, khi ting w, nhiéu sé ting theo ti
16 w2, con tin hiéu c6 ich theo wy, ¢6 nghia la ti s6 SNR sé& tang 1én. Chon d6 rong khe w;
xap xi duong kinh tdi thiéu Dy, ctia hat mua can do 1a thich hop. Vi dé xuat nay viéc xac
dinh kich thuéc khe va khoang cach gilta cac khe cia mang chan khoéng c6 y nghia gi lon.
Tuy nhién, khoang cach w, phai gan bang duong kinh 16n nhat cdn do Dy, clia hat nuéc,
néu khong xung s& khong ¢ “khoang 16m”, trong ng véi viée s& khong co cac tham sd
1075 1, 1075 2,... tc 1a khong thé ap dung phuorng trinh (2). Khi khoang cach w, qua l6n (w,
>> Diax) hé $0 ko5 s& thay d6i it dan t6i kha nang phan biét duoc cac hat cd kich thude
khac nhau giam. Diéu d6 dan dén viéc giam do6 chinh xéac cua két qua do. Ngoai ra khi w,
16m, x4c suat xuat hién bong cia giot thir hai tang 1€n khi cuong d6 mua lon, didu d6 ciing
dan dén sai sb do. Nhu thé co thé thay voi dé xudt méi nay, kich thudc khe nhay sang w
gan bé“mg dudng kinh t6i thiéu Dy, ctia hat can do (thuc nghiém cho thiy 16n hodc nho hon
¢ 2 dn 3 lan Dhyin cling hoan toan dap ung dugc) va khoang cach khe w, xap xi duong
kinh 16n nhat can do D, thi dai do dugc cua kich thudc hat khong bi anh huorng nhu
trong nghién ctru [8] va viéc ché tao co khi cac khe nhay sang dé dang hon rat nhiéu.

Nhip w, g, tsample

)

A, B1, B2/ cac hé s6 cta ham D(k075)
Al11 B11,B12// cac hé sf? cia ham D(umax)
A22 B21,B22// cac hé s0 cia ham D(1d)

bone pulse no_flat =1
btwo_pulse=1

Sai

B
bone pulse flat=1
Sai )
Pung
@ Vdrop = g/ (1max2-imax1).tade

Sai

D=A11+Bll.umax+ B12.

umax umax

D=A+B1 koist B2 xkos kos [

D=A22+B21.1a +B22. 14 la —»

Tim i025_1;i025 2
Kv= (1+sqrt(D/2).(D/2).(D/2))g
Vdrop =Kv . (2.w+g)/ (1025 2-1025 1).tade

« v

Hinh 8. Thudt todan xdc dinh kich thuoc hat.

112 L1V Quyén, ..., D. V. Kiesewetter, “Thiét ké, ché tao thiét bi do kich thwéc hat mwa.”



Nghién ciru khoa hoc cong nghé

Ché tao thiét bi theo dé xuit cai tién

Tt nhitng dé xudt cai tién trén, tién toi thiét ké, ché tao thiét bi do kich thudc hat mua
tr Imm dén 10 mm la dai kich thudc hat pho bién & mua nudce ta va ciing 1a dai hat mua
gy ra nhi€u anh hudng toi cac g dung trong nhi€u nganh. So 6 khoi cua thiét bi dugc
md ta trong hinh 9.

A 4

A

\ 4

P Khuéch dai va
AU tién xtr Iy
Vi xtt > Truyén thong
ly
Nguc‘Sn

Hinh 9. So d6 khoi thiét bi do mua ché tao theo dé xudt cdi tién.

Hinh 10. Hinh énh thiét bi do mua ché tao theo dé xudt cdi tién.

So 6 khdi cta thiét bj do hat mwa gom cac khdi phat quang sir dung ngudn sang la
LED d6 CL-PIWARRG650 cia hang ViShay phat ra anh sang c¢6 budc song 650 nm dugc
diéu khién bang khéi tao tin s6 455 kHz. Chum sang song song dudng kinh 50 mm dugc
tao ra sau khi qua thau kinh thay tinh quang hoc K8 hai mat 10i, duong kinh 53 mm
(duwdng kinh thong quang 1a 50 mm), tiéu cy 1a 100 mm bén khdi phat quang. Chum sang
nay dugc dua qua khoang do rdi t6i khdi thu quang c6 man che lam bang phip phu dong
day 0,5 mm chira hai khe nhay sang c6 cac kich thuéc wy =2 mm, w, =5 mm, chiéu dai
cta khe 1a 30 mm. Anh sang qua hai khe nhay sang duoc thu trén diot quang loai BPW34
dit tai tiéu diém cua thau kinh hoi tu c6 cac thong sb twong tu nhu thiu kinh tao chim
song song. Xung quang dién thu dugc sau d6 duoc dua qua khéi khuéch dai, loc, tién xir
ly, ADC lay mau A tan s6 50 kHz , xtr 1y tinh toan trén vi xu ly STM32F407VGT6 theo
céc thuat toan dé xuét (hinh 7, 8) truoc khi hién thj va truyen t6i cac thiét bi thu thap dir
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lidu. Khi phat quang, thu quang, khuéch dai tién xir 1y duoc chira trong hai 6ng nhom loai
6061, duong kinh trong 70 mm, d¢ day 5 mm, son den, mot dau duogc phay vat goc 45 do,
mot dau bang c6 nap day chbng nude biang nhya ABS va keo silicon. Hinh anh thiét bi ché
tao theo dé xuét cai tién chi ra trong hinh 10.

3. KET QUA VA THAO LUAN

V6i tap mau cac gia tri sb cho phép khoi phuc lai xung quang dién loai hai chdi xung
thu duoc tmg véi cac hat bi cau sat ¢6 kich thude biét trude, khi moé phong tinh toan duong
kinh hat theo bién sb k075 va theo d0 sau diéu ché M béng phén mém may t1nh viét béng
ngdn ngtr LabVIEW, két qua thu dugc: Vi cac hat nho hon 3,5mm, trén tp mau thir, sai
sO 16n nhat cua phuong phéap noi suy tir do sdu diéu che M 14 6,92% 16n hon so véi sai sO
16n nhét cua phuong phap noi suy tur bién s6 kos5. Sai s6 16n nhét ctia phuong phéap noi suy
tir bién so ko7s & dai nay l1a 3,41%; Véi cac hat 16n hon hoac bang 3,5mm, trén tdp mau
thu, sai s6 16n nhit cua phuong phép ndi suy tir do séu didu che M la 2,35% 16n hon so véi
sai s6 16n nhat cua phuong phap néi suy tur bién s6 ko7s. Sai s6 16n nhat ciia phwong phap
nodi suy tir bién s6 koss & dai nay 1a 0,69%. Diéu nay cho thiy phuong phép tinh duong
kinh hat trong dudng tir bién sé kors c6 do chinh x4c cao hon so v6i phuong phép tir do
sau diéu ché M.

Thyc hién thir nghiém thiét bi do ché tao theo nhitng cai tién dé xuét s& duoc tién hanh
céc budce tuan tu tir trong phong thi nghiém véi cc vién bi sit hinh cau cé kich thudc biét
trude, giot nudc dugce tao boi hé théng nho giot, gian tao mua nhan tao r0i s& dua t6i hiéu
chudn tai trung tdm khi twong thity vin trude khi dua ra thir nghiém thuc t& dé danh gia.

Thir nghiém voi cac vién bi sat hinh cau c6 kich thudc biét trude trong dai do cua thiét
bi qua cac khoang 1y méu, két qua thir nghiém nhu sau: v6i cac hat nhé hon 3,5 mm, trén
tap mau tht, sai s6 16n nhat 1a 3,7% Vi cac hat 16n hon hoic bz:ing 3,5 mm, trén tip mau
thir, sai s6 16n nhét 1a: 0,79%. Khi thir nghiém véi cac hat bi roi gan nhu cing lic (truong
hop chap nhau, hodc che 13n nhau), thiét bj khong do dugc dung kich thude cua cac bi ma
lic nay kich thude do dugce chi ra 14 kich thuéc hinh cau twong dwong véi phan bao ngoai
cua hai bi.

Thtr nghiém véi giot nudc duge tao boi hé théng cac bd nhoé giot c6 van tiét luu. Mat
d6 giot nudc duoc didu chinh boi van tiét luu va thay doi sd lwong dau nho giot dong thoi
kich thudc cac giot nudce ciing duoc diéu chinh boi d6 16n cua dau kim nho giot & 16i ra.
Cac giot nudc sau khi di qua thiét bi do duoc htrng boi binh dung tich chuén dé so sanh
luong nudc noi suy tur sb luwgng hat va kich thudc hat ma thiét bi do dugc. Thuc hién lap
nhiéu 14n véi cac dau nhé giot va lwong nuéce khac nhau dé tang tinh chinh xac cta phép
thir. Két qua dat duoc trong qua trinh thir nghiém véi giot nude co sai sé 16n nhat 13 4,5%
véi lugng nude dudi 30 ml.

Hinh 11. Thu nghiém thiét bi do muea véi gian tgo mua.
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Thir nghiém voi gian tao muwa co thé didu chinh téc d6 gi6 mo phong dén 50 km/h
(twong dwong 4p thip nhiét déi), huéng gio c6 thé thay dbi, co thiét bi do mua chao lat dé
d6i sanh lugng mua (hinh 11). Khi thay d6i muc gi6 va luu luong mua, két qua do dac va
so sanh chénh 1éch cao nhit 14 0,3 mm khi lugng mua do trén thiét bi ddi sanh 1a 40 mm
hoan toan nam trong khoang sai s6 cta thiét bj ddi sanh. Két qua nay cho thay khi do
lwong mua, hai thiét bi 14 twong dwong nhau.

Bén canh viéc do dac cac thong s6 hat mua, thiét bi con c6 kha nang do dugc luong
mua, cuong do mua bang viéc ndi suy tir kich thudc hat mua. Khi tién hanh hi¢u chuén tai
Trung tdm Dy bdo khi tuong thuy van qudc gia va tho nghiém thiét bi cai tién do mua thyuc
té tai tram Ha Dbong — tram Khi tuong Quéc té va d6i sanh voi thiét bj do mua tai tram.
Két qua cho thdy, & dai lugng mua 16n hon 10 mm, sai léch lugng mua 16n nhét 13 0,86
mm. O dai lugng mua nho hon hodc bang 10 mm, sai léch lugng mua 16n nhét 1a 0,18
mm. Nhu vay, lugng mua do dugc bang hai thiét bi 14 twong dwong nhau.

4. KET LUAN

Thiét bi do kich thudc hat mua bang phwong phap quang hoc trong nghién ciru niy c6
kha nang do duoc kich thude, van tdc hat mua, ca lugng mua va cuong d¢ mua & ché do
thoi gian thyec. Thiét bi da khic phuc dugc nhugc diém nhiéu quang do tinh coherent cta
ngudn laser diode, kho khin trong qué trinh hiéu chinh truc quang, dai do dong bi phu
thuge 16n vao kich thudce hinh hoc cia cac khe nhay sang trong phuong phap do béng do
sau diéu ché. DA dé xuét thuat toan va cach tinh toan kich thudc hat mua tir cac thong sb
do. Cac két qua thir nghiém da cho thdy hiéu qua cua phép do duoc ning cao hon so voi
cac thiét bi twong tu hién co6. Nhuoce diém cua thiét bi 1a khong do duoc cac hat roi bi
trung nhau hodc che 1ap mot phan. Khi thir nghiém ngoai troi, anh hudng cua con tring
bay qua khoang do ciing 12 mot van dé can xem xét. Tuy nhién, voi nhimg két qua thu
duoc co thé théiy, viéc ché tao va hoan thién thiét bi do kich thudc hat mua noi riéng, cac
thong s6 mua ndi chung & Viét Nam dé phuc vu nhu cau nghién ctru khoa hoc, phong
chdng thién tai hoan toan kha thi.
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ABSTRACT
DESIGN AND BUILD THE DISDROMETERS

Raindrop diametter measuring is great significance for many applications in
wave propagation, erosion, meteorological, atmospheric physic research,
troposphere structure measurement... It is impossible to measure raindrop
parameters with the tipping bucket rain gauge used in common. To measure
raindrop diametter and other parameters of raindrops, there are other device lines.
Depending on the used physical principle, it can be divided into types of devices:
impact, image and optical devices. Overcoming the disadvantages such as not being
able to measure the speed, large noise of the impact devices, bulky, difficult to
transport, deploy and install, high cost of image devices, optical devices have
become a reasonable choice in raindrop diametter measurement. In this group,
raindrop diametter measurement method based on two light bands and calculated
according to the modulation depth is researched to improve because it does not
depend on the speed of drop. This article has pointed out the limitations of the
current method and the improvements in hardware of the device, the calculation
method, the raindrop diametter calculation algorithm to improve the measurement
efficiency. Test results show the effectiveness of the recommendations which are
positive signals for a better raindrop diametter product line.

Keywords: Measuring; Data processing; Optoelectronics; Meteorological precipitation; The disdrometers.

Abbreviations: JWD — Joss Waldvogel Disdrometer; 2DVD — Two Dimension Video Disdrometer; SVI -
Snowflake Video Imager; SNR-Signal to Noise Ratio.
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