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Tém tit: Truot I dat la mot trong nhimg tham hoa thién nhién rdt nghzem
trong, gdy thiét hai I6n vé nguwoi va tai san. Vi thé, nhitng né liec nghién ciru va trién
khai canh bao, phong ngira truot ddt da dwoc thie hién & cac quy mé khdac nhau.
Mot trong cdc diéu kién kich hoat truot 16 dat d6 la do heu lwong mua ting cao mét
cach dét bién. Bdo cdo ndy tap trung vao xdy dung mot hé canh bao dva trén viéc
xdac dinh luu lwong mua tai cac khu vuc co khd nang xdy ra truot lo dat & khu vuc
Tay Bdc — Viét Nam. Hé do muwa dwoc xdy dung dwa trén viéc su dung cam bién do
khodng cdch va bé vi diéu khién phii hop. Nguong canh bdo dwoc xdy dung dwa
trén phwong phdp thong ké heu lwong mua (theo khu vwc ldp dat) trong nhiéu nam
dé dwa ra canh bdo kip thoi. Hé thong da dwoc xdy dwng thanh céng va da dwoc thir
nghiém tai khu viec tinh Ha Giang ciia Viét Nam buoc dau hoat dong rat tot.

T khoa: Truot 1o déit, Luu lugng mua, Do mua, Cam bién, Ngudng.
1. PAT VAN PE

Truot 16 dat 14 mot tham hoan thién nhién nghiém trong, thuong xay ra & cac khu vuc
c6 dia hinh doi nai cao va doc gy tac hai ca vé ngudi va tai san [2]. C6 nhiéu nguyén
nhan gy ra truot 16 dat [3, 5]. Trong thuc té, d ¢6 nhidu phuong phap khac nhau dugc ap
dung dé giam thiéu thiét hai do trugt 1o dat gy ra, trong d6 phd bién nhét 14 cc phuong
phéap giam sat [12]. Cac phuong phdp giam sat thuong dugc chia thanh hai loai: hé gidm
sat dai han va hé giam sat ngén han. Hé giam sat dai han thuong sir dung k¥ thuat phan
tich anh v¢ tinh hay dung rada, sau do két hop véi dit li€u dia hinh tai khu vyc giam sat dé
du doan truot 15 dat. Tuy nhién, phwong phap nay thi thong tin thiéu tinh cap nhat vé thoi
gian va gia thanh cao [12]. Nguoc lai, hé canh béo ngin han thuong xiy dung dua trén ki
thuat giam sat thoi gian thyc trong d6 thiét bi dugc lap dat truc tiép tai khu vuc giam sat dé
thu thap dir liéu moi trudng va cac thuat toan dugc su dung dé phan tich dir liéu, dua ra
canh bao kip thoi. Uu diém ndi bat cua hé thong nay 1a thong tin canh bao duoc cap nhat
theo thoi gian thyuc [2, 3, 12]. Dya trén nguyén nhan gy truot 16 dit do mwa l6m, nhiéu
cong trinh nghién ctru di dwa ra cac phuong phap xay dung hé thong giam sat ngan han [1,
2, 5]. Trong bdo cdo [1], cac tac gia da ap dung phuong phap xac suit xac dinh dé tinh
chinh cac ngudng muwa giy ra truot 16 dat bang thuc nghiém. Trong cong trinh [2], nhém
nghién ctru di xdy dung lai hoat dong 1¢ dét lién quan dén lugng mua & luu vyc séng
Llobregat, Dong Pyrenees, Ty Ban Nha. Bai bao [3] da dé cap cu thé toi sat 16 dat gay
nén boi mua & mién Pong Pyrenees. Trong nghién ctru [5], cac tic gia xay dung mo hinh
trong lugng dua trén GIS sat 1 dit gy ra boi luong mua & cac luu vue nho dé 1ap ban do
nhay cam 1o dét. Tai liéu k¥ thuat [9] da trinh bay vé mot hé bao dong thong qua thiét bi
do mua don gian. Tuy nhién, hé thong nay chi c6 4 muc do gia tri lwong mua va d6 phan
giai cla thiét bi rat thz‘ip. Cac hé thuong mai do mua dién tur trén thi truong hién nay nhu
model do mua 52202-10-L/52203-L Tipping Bucket [10], may do mua c6 day voi hai bd
dém RAINEW-211 803-1002 [11] thi c6 gid thanh rt cao, nhung lai han ché vi chua c6
tinh nang canh bao.

Viét Nam 1a mot nudc c¢6 mat do truot 16 dat rat 16n do c6 nhidu dia hinh d6i nui va
luong mua nhiéu. Tuy nhién, hién chua c6 hé théng nao co thé ap dung dé canh bao truot
16 dat dua vao lwong mua. Do d6, nghién ctru, phat trién mot hé canh bao do mua hd trg
canh bao truot 1¢ dat 1a rat can thiét dé c6 thé su dung rong rai tai Viét Nam. Trong bao

94 N.D.Chinh, ..., T.D.Tin, “Nghién citu phdt trién thiét bi... bdo trwot 16 dit .”



Nghién ciru khoa hoc cong nghé

c4o nay, chung toi dé xuat mot h¢ thong canh bao do mua c6 thé chia mirc do gié tri luong
mua rat 16n va co6 thé san xuat hang loat. HE thong gdm: vi mach xur 1y tin hi¢u thoi gian
thyc tich hop vdi cam bién si€éu am dé xac dinh mirc nudc, gau chira nude, nguon dién dy
trit va coi bao cong suat 16n. Hé thong da dugc thuc nghi€m tai tinh Ha Giang cho két qua
tot, hoan toan phu hop véi diéu kién kinh té Viét Nam va c6 thé ap dung rong rai trén cac
khu vuc ¢6 nguy co xay ra truot 16 dat. ) )
2. NOI DUNG VA DE XUAT

2.1. Thiét ké phén cirng

H¢ thong phan ctng gdm: phan dién tir gitip thu nhan, xtr 1y thong tin, va dua ra canh
bao; mdt gdu chira nudc mua thu duoc va mot phdu dé himg nude mua.
2.1.1. Cdu hinh vé hé thong dién ti

Hé thdng phan ctng cua thiét bi gdm: Cam bién dé xac dinh mtc d6 nude trong gau
chira nudc; khoi xi 1y tin hiéu thu dugc tir cam bién; va coi bao dong khi gia tri do dugc
vuot ngudng bao dong. Hinh 1 trinh bay so do nguyén 1y ctia h¢ thong.
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Hinh 1. Mé hinh hé thong.
Cam bién khoang cich SRF05:

Cam bién siéu am SRF05 dugc sir dung ré‘g phd bién dé xac dinh khoang cach vi gia
thanh phu hop va c6 dg chinh xdc cao. Cam bién xir dung song si€u am co6 thé do khoang
cach tir 2 cm dén 4 m v6i d6 phén giai 2 mm [7]. ) )

bé do duoc khoang cach SRF05 s€ phat ra 1 xung rat ngén (5 ps) tir chan Trig. Sau d6
cam bién sé tao ra 1 xung HIGH ¢ chan Echo cho dén tan khi nhan duoc song phan xa tur
chan nay. Chiéu rong cta xung 1a khoang thoi gian song siéu 4m tir cam bién gdp vat va
quay lai [6]. Hinh 2 miéu ta hoat dong ctia cam bién siéu am.
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Hinh 2. Biéu do thoi gian cua cam bién siéu am.
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Kit Arduino Uno R3:

Arduino Uno 1a mot mach vi diéu kién dua trén chip ATmega328P. N6 chira tat ca cac
ho trg can thiét cho vi diéu khién; két ndi mot cach don gian véi may tinh thong qua glao
tiép USB [4]. Uu diém cta vi mach nay 13 c6 mot nén tang phan ctmg va phan mém 6n
dinh, c6 IDE than thién va dé dang thao tac cho nguoi st dung. Khac voi cac vi mach vi
diéu khién khac 1a khong can thém mach nap, viéc nap chuong trinh théng qua trinh bién
dich IDE va két ndi USB sin c6. Hinh 3 1 hinh anh v& vi mach Arduino Uno R3.

Hinh 3. Vi mach Arduino Uno R3.
Coi bao dong:

Coi bao dong gitp canh bao khi hé thong tinh toan va phat hién ra nguy co xay ra truot
16 dat. N6 hoat dong & tan s cao, véi cong suét 16n gy khé chiu cho nguoi st dung va s&
gy chua ¥ cta nguoi dan. Vi thé, coi nay rat thich hop dé canh bao trong khu dan cu. Coi
hoat dong ¢ dién &p 3.7V den 12V.

Pin Lithium:

Pin Lithium véi thong s6 3.7V — 6000mAh cung cdp mot ngudn voi cong suat
22.200mWh. Mot trong nhiing Iy do quan trong cua viéc st dung ngudn du phong la cung
cap dién ap cho toan hé thong trong truong hop mat dién. Nguyén nhan do khu vuc doi nui
thudng mat dién mdi khi c6 mua 16n ma thiét bi can ludn hoat dong de kip thoi canh bao
khi ¢6 hién tuong trugt 16 dat xay ra. Vi thé, nguon du phong 14 giai phép rat can thiét cho
hé thong nay.

Module ngudn LM2596 va TP4056:

Module LM2596 12 module cung cap dién ap 5V cho hé thong va cung cap dong dién
dau vao cho module TP4056 dé sac dién cho pin du phong.

Module TP4056 1a module diéu tiét dién nang giup sac dién cho pin, c6 nhiém vy sac/
sa dién mot cach hop li.

Hinh 6. Module nguéon LM2596. Hinh 7. Module sac TP4056.
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2.1.2. Gau chira nuéc va phéNu huirng nuoc

Mot nguyén tic quan trong khi thiét ké hé do mua 13 hé thong gau chira nudc phai c6
tiét dién bé mat bang voi tiét dién bé mat cua pheu hung nude. Gau chira nude c6 tac dung
chira nudc mua dugc hung tir phéu. Lugng nudce trong gau chira s€ cho biét lwong mua tai
khu vuc.

2.2. Nguyén ly va thuét toan
2.2.1. Nguyén ly do mua

Cam bién khoang cach s& duoc lap tai vi tri ¢d dinh phia trén nip gau, do d6 khoang
cach tir cam bién xudng day binh 1a co6 dinh va c6 gia tri 1a a. Khi ¢6 mua, muc nudc trong
gau s€ tang, cam bién do khoang cach dén mat nudc thay doi trong binh, gia tri nay dugc
xac dinh 1a B. Hinh 8 1a mo6 hinh thé hién cach thirc do myc nudc trong gau. Luu lugng
mua s& duoc xac dinh theo phuong trinh (1).

(M
p: luu luong mua
t: 1a chu ky 1ay miu (30 phit, twong duong tdc do 1dy mau 1a FS = 2 1an/gio).

Cam bién

Hinh 8. M6 hinh gau mudrc.

2.2.2. Thudt toan tiét kiém nang luwong

Khi troi mua bao (1a thoi diém co nguy co truot d:?it), dién ludi sé bi ngét. Vi vay, trong
bai bao nay, ching t6i dé xuat giai thuat gitp tiét kiém niang luong cho hé thong, tir d6
gitip nang cao thoi gian hoat déng va giam luong dién nang tiéu thu dang ké. Hinh 9 14 luu
d6 thuat toan cuia hé thong. Trong luu d0 nay, hé thong sau khi duoc thiét 1ap xong bat dau
doc dir liéu tir cam bién. Néu sau mot khoang thoi gian quy dinh muc nue mua trong giu
khong thay ddi, hé xac dinh trang thai khong c6 mua va lap tic giam tde d6 1dy miu dé
giam viéc tiéu thu ning lugng. Nguoc lai, néu muc nudc trong binh thay déi sau thoi gian
d6, hé thdng xac dinh c6 mua va ting toc do ldy mau dé dap tng sy thay ddi nhanh chong
muc nudce trong gau chira nude, nham dua ra canh béo kip thoi.
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Hinh 9. Luu do thudt todn tiét kiém néng lieong, véi FS;>FS,,

2.2.3. Thudt toan xdc dinh nguong canh bao

M&di khu vuc khac nhau thi c¢6 dia hinh va luong mua khac nhau. Vi vay mdi dia
phuong lai c6 mot ngudng canh bao khac nhau. Bao céo nay dua trén viéc quan tric, thong
ké luong mua va kha ning xay ra lii nhidu nim & cac tinh Tay Bic. Thuat toan canh bao
duoc thuc hién theo cac budc sau:

Buée 1: Xac dinh thoi diém muc nuéc mua thip nhét trong gau do mua 13 t,, muc
nude thuc té trong binh 13 hy .

Budic 2: Thoi diém myc nude dang 1én sau khoang thoi gian At tiép theo 1a t;, va muc
nudc trong binh 13 h,.

Buére 3: Tinh myuc nude ting thém giira hai 1an do lién tiép:

X =h; —hy (mm) )
Buwéc 4: Tinh cuong d6 mua tinh theo gio:
y =" (mm/h) 3)
1 0
Buée 5: Néu y thoa mén (4), dwa ra canh béo, néu khong thi tiép tuc quan tric.
y > 1316—0.01396 (4)

Trong bao cdo nay, chiing toi dé khoang thoi gian giita hai 1an t, va t,., 1a 30 phat dé
phtt hop véi bt phuong trinh (4). Bat phuong trinh nay dugc dya trén cac s6 liéu thong ké
mua va truot dat tai Ha Giang.

3.KET QUA

Hé thong dugc xay dung thanh cong véi nhimng dic tinh k¥ thuat sau:

Pudng kinh miéng thu muwa 1a 20 cm dap Gng thong sb ky thuat caa dich vu thoi tiét
qudc gia (NWS) thong ké chinh xAc.

Chiéu cao gau chira nude mua 1a 300mm, do phan giai 1a 2 mm gitp hé thdng c6 thé
nhan dién dugc 150 mirc nude mua trong giu.

So sanh thong sé d6 phéan giai 2 mm ciia hé thong véi thong sé d6 phan giai 0.1mm hé
thong do mua theo tiéu chudn cta T6 chirc khi tuong thé gi(’)i (WMO) [8], d¢ phan giai
cta hé théng thap hon Tuy nhién, véi ti€u chi xay dung he thong giam sat mua g1a thanh
thip va dap tng vé bai toan ngudng canh bao thi thong s6 nay van dap tng rat tot so voi
hé thong canh bao trong tai li¢u k¥ thuat [9] chi c6 4 muc.
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3.1. H¢ théng phan cirng

Hé théng dién tir sau khi hoan thién gém: Kit Arduino, pin du phong, cdc mach nguén,
coi bao cong sudt 16n va mot jack két ndi véi cam bién khoang cach & bén ngoai. Khoang
cach day két ndi tir 5 — 10 m, du dé két ndi gau chira nudc & ngoai troi véi bd phan xir Iy
s€ dugc dat ¢ trong nha.

Bang 1 mo ta dit liéu thir nghiém tai phong thi nghiém dé kiém tra d6 chinh xac cua
phép do va kha niang canh béo ctia hé théng. Dir lidu thuc nghiém sau 10 1an do, khoang
thoi gian gitra hai 1an 14y mAu lién tiép 1a 30 phut. Cach tién hanh 1a dua nudc vao dan
trong 10 1an, cot 2 mod ta muc nudce trong binh, ¢4t 3 1a d¢ ting muc nudc giita hai lan do
lién tiép, cot 4 1a woc lugng vé cuong d6 mua, cot 5 1a gid tri cia ham can quan tric (Vé
phai ctia phuong trinh 4), va cudi ciing 13 cot 6 s& dua ra thong tin cin canh bao néu co.
Nhén thiy rang tai thoi diém thir 8 va 10 1a can canh bao va thuc té thir nghiém 1a coi da
kéu bao dong (phu hop voi thiét ké va gia tri thu dugc thuc té).

Bdng 1. Dit liéu do dac thir nghiém.

Muc nudc
Lan | Muc nudc tégg gitta | Cuong do mua | Gia tri hg‘lm Trang thai
do (mm) 2 lan do x (mm/h) y quan trac :
(mm)
1 0 - - - -
2 2 2 4 127.63
3 13 11 22 113.54
4 16 3 6 125.98
5 34 18 36 103.66
6 51 33 66 85.30
7 81 30 60 88.69
8 131 40 80 77.88 Canh
bao,coi
9 141 9 18 116.53
10 191 51 102 67.50 Canh
bao,coi

3.2. Nang lwgng tiéu thu
Viée tinh toan ning luong tidu thu cia hé thdng quyét dinh dén viée thoi gian sbng cia
hé thong khi st dung nguoén pin dy trii. Trong hé thong nay st dung ngudn pin Lithium
3.7V nén dién ap cap cho toan hé thng 1a ¢d dinh tai 3.7V. Bang 2 dudi day 1a bang tinh
cong suat tiéu thu cta hé thong.
Bing 2. Cong sudt tiéu thy.

Linh kién bién 4p (V) Dong dién (mA) Cong suét (mW)
Kit Arduino 3.7 0.2 0.74
Cam bién SRF05 3.7 30 111
Tong cong suét tiéu thu 111.74

Ning luong ngudn pin Lithium 3.7V — 6000mAh 14 3.7V x6000mAh = 22200mWh. Tt day
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ta co thé tinh dugc thoi gian séng ctia hé thong 1a: 22200mWh/111.74mW = 198h = 8 ngay.
3.KET LUAN

Chung toi dd dyng thanh cong hé thong do mua véi do tin cdy cao sir dung cam bién
siéu 4m, vi diéu khién va chuong trinh nhiing trong vi diéu khién. Hé thong c6 gia thanh
thap, d& lap dat va van hanh, rat phi hop véi diéu kién kinh t& Viét Nam va ngudi dung tai
khu vuce co nguy co 16 dat. Hé théng da duoc thir nghiém tai phong thi nghiém va trién
khai thuc nghi€m thanh cong tai khu vuc huyén Céc Bai, tinh Ha Giang.

Loi cim on: Bai bdo dwoc hé tro boi Pai hoc Quéc Gia Ha Néi, thude dé tai ma sé6 OG. 14. 05.
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ABSTRACT

RESEARCH AND DEVELOPMENT OF A RAIN GAUGE SUPPORTED LANDSLIDE
WARNING

Landslide is one of the severe natural disasters that causes great losses in lives
and property. Therefore, efforts in research, warning, and prevention of landslides
have been made at different scales. One of the conditions that triggered landslides
is the sudden rise of the rainfall. This paper focuses on building a warning system
based on the determined the rainfall in the region, which has the possibility of
landslides (e.g. in the Northwest Region of Vietnam). The rainfall measuring system
is built based on a distance sensor and a microcontroller. Alert threshold is
determined based on statistical methods inseveral years to give a timely warning.
The system has been successfully built and tested in the area of HaGiang province.

Keywords: Landslide, Rainfall, Rainfall measuring system, Sensor, Threshold.
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