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Ché tao va danh gia thiét bi tham do dién trd suat da cuc ,
dung cac module DAQ cong nghiép cho ting dung tham do méi truong dat
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Thiét bi thim do dién tré suit da cuce da dwoe nghién ciru va trién khai ché tao thir nghiém véi muc dich
irng dung phwong phap thim do khong pha huy nay trong linh vue quan tric moi trudng dat da. Thiét
bi sir dung module DAQ cong nghiép gla thanh thap nhung cé do bén va kha nang hoat dong tot trong
cac moi tru’o’ng thwe dia khic nghlet Két hgp véi cac phwong phap xiwr ly so liu, phan mém thu thap Va
diéu khién linh hoat cho phép thiét bi hoat djong tw dong va mic du véi nguon phat dong thap nhung vin
dam bzo d9 tin cdy ciia s6 liéu thu dwoc. Két qua thir nghiém cho thy, hwéng phat trién nay 1a kha thi va
hoan toan c6 kha ning trién khai irng dung rong rii trong thim do hay quan tric hinh anh phan b6 dién
tré sudt 2D ciia mdi trwong dit da, phuc vu nghién ciru qua trinh xAm nhap min, trwot 16, 6 nhiém méi
truong dat, hay thay doi dd Am dit ing dung trong ndng nghiép.

Tir khéa: DAQ cong nghiép, da cwe, dia dién, di¢n tré sudt, thu thép sé liéu.
Chi 56 phén logi: 2.2

Gioi thiéu
Trén co s& cac tham sé vat Iy nhu dién tré

suat ctia mdi truong dét da phy thuge Vao thanh
phéan hoa hoc, phan b, ciu trac, dd ngdm nudc

Development and assessment of an industrial DAQ based
multielectrode geoelectrical resistivity instrument

for exploring the soil environment ctia moi trudng d6 ma phuong phép thim do dia
dién tro suat dung dong dién mot chidu (goi tit a
Summary thdm do dién trd) da ra doi [1, 2]. Phuong phép

nay dugc dp dung rong rai trén thé gidi trong
nhiéu linh vyc nhu khao sat méi truong, tim
kiém tai nguyén (nudc, khoang san), trong nong

Multielectrode geoelectrical resistivity instrument have
been researched and developed for nondestructive soil
environmental surveying or monitoring applications. ) R-aeA _ e
With a low cost, industrial DAQ modules, and a data nghi¢p, dia chat, phat hi¢n tai bién ngam...[3-6].
processing method in the flexible control software, the Cac nghién ctru gan day hudng t6i phat trién cac
instrument can work automatically and give a more h¢ thong quan trac ty dong dicu khicn bang may
reliable results despite the low input current. Field tinh dung’de phat hién nhing hi¢n tuong qud do
experiments showed that this approach was feasible to nhu sy tham nude, trugt 1o dat va sy trao doi chat
be applied in many fields such as 2D resistivity image hay 6 nhiém méi truong theo thoi gian [7-9].

exploration and monitoring of the soil environment, Vé co ban, thiét bi dung trong tham do dién
salinity  intrusion or landslide investigation, trd bao gdbm mot nguén phat va mot may thu,
contaminated environments, and soil moistrure Ngudn phat cung cap dong dién mot chiéu hoic
monitoring in agriculture. xoay chiéu c6 tan sb cyc thap (dudi vai Hz) dat
Keywords: data acquisition, geoelectrical, industrial vao cac dién cyc dong, cong sqat cua nguon phat
DAQ, multielectrode, resistivity. tuy thugc vao phuong phap, cau hinh cuc va do

sau can khao sat. Bo thu co6 thé 1la mot von keé
Classification number: 2.2 don gian hay phirc tap nhu mot hé do c6 ghép ndi

v&i may tinh nham nang cao hi€u qua cua phép
do vai kha nang luu trir va xur 1y tin hiéu so. Cac
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Khoa hoc Ky thudt va Céng nghé

dién cuc thuong dung 1a kim loai dé tién cho viéc ché tao,
khoang cach gitra cac dién cuc du xa dé céac dién cuc duoc
coi la cac dién cuc diém. Céac dién cuc thuong dugc bd tri
theo cdu hinh cu thé dé tién cho viéc tinh toan. Pién trd
suat biéu kién dugc tinh theo cong thirc:
P. =k &
1

Trong d6, k 1a hé s6 cau hinh cuc; AV 14 hiéu dién thé
gitra hai dién cyc thu (V); 7 1a cuong do dong di¢n phat
(A).

Pé xac dinh dugc gia tri thyc cua dién trd suét cling
nhu sy phan bd cta né trong long dat, dién tré sudt biéu
kién 1a mot trong nhitng tham s6 d4u vao co ban ciia viée
giai bai toan nguoc.

Trong thuc té, néu v6i mot hé do don gian, cong viéc
thuc dia s& tré nén mat nhidu thoi gian, cong suc tién hanh
cho mot tuyén khao sat, do tin cdy cua két qua do khong
dam bao. Cac h¢ da cuc dugc phat trién dva vao viée st
dung cac bo chuyén mach gitra cc dién cuc dé khao sat
theo cac c4u hinh thiét 1ap san. Tai mot thoi diém do, chi
0 4 dién cuc dugc su dung, phép do tiép theo dugc dich
chuyén t6i cac dién cuc khéc tudn tu tuy theo muyc dich
do dé thuan tién cho cac tinh toan (phdn mém) giai bai
toan nguoc cho cac khao sat do sau 1D, hoac 2-4D. Cac
h¢ da kénh phat trién dua trén viéc mo rong thém hon
mot kénh do hidu dién thé tai cing mot thoi diém, diéu
nay cho phép tang toc do khao sat 1én nhiéu lan tuy theo
phuong phap do.

Ngoai ra, do diéu kién thyc dia khong 1y tudng, co rat
nhiéu nguyén nhan anh huéng dén do tin cay cua sb lidu
do duoc. Pién hinh nhu diéu kién dia hinh khong dong
nhit; dai phan bd dién tro suét cua dit da, su phan cyc
cua cac 10p dat da, phan cuc cua dién cuc hay nhidu dién
truong tu nhién do hoat dong cua mat troi va trai dat;
nhiéu nhan tao do con ngudi tao nén (hé théng dién ludi,
mang vién thong, phuong tién giao thong...) [10].

Nguén ning lugng can thiét cho hoat dong quan
trac dai ngay hay tham do sdu can phai du cho thiét bi
hoat dong... ciing 14 nhitng van dé can dugc quan tim.
Nhiing thiét bi thuong mai c6 mat trén thi truong hién
nay nhu SAC ABEM ciia Thuy Dién, SuperSting ctia My,
SYSCAL cua Phap... co phuong phap do dac va xir 1y s6
liéu ma nguoi dung khong tuy bién duge. Muc dich sir
dung chu yéu la khao sat thim do (img dung), khé tiy
bién cho cac muc dich nghién ctru phuong phap hay quan
tric theo thoi gian. Hon nita, cac thiét bi nay ¢6 gia cao
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nén khong pho bién tai cac nudc dang phat trién.

Vi nhiing 1y do néu trén, viéc chu dong trién khai ché
tao cac thiét bi thim do hay quan tric moi truong dét
& diéu kién trong nudc véi chi phi thip 1a nhu cdu can
thiét. Trong nghién ctru ny, dé dam bao sy hoat dong on
dinh trong khoang thoi gian dai, voi didu kién moi truong
khéc nghiét boi khi hau nhiét d6i nong 4m nhu Viét Nam,
céc thiét bj ché tao can tuan theo cac tiéu chuin cong
nghiép [11]. V6i sy trg gitip ciia may tinh va phin mém
diéu khién tu phat trién, sau khi cdu hinh cuc duoc thiét
lap, tin hi¢u phat dwoc diéu khién véi dang xung OFF,
+ON, OFF, -ON va ghi nhan toan b§ dang song phat, thu.
Phuong phap nay ¢6 nhiéu wu diém, thuan loi cho viée xir
1y s6 lidu sau nay nhu: u6c lugng cac gia tri dién truong
tw nhién - SP, d phan cuc - IP va dién tré suét... S6 liéu
sau xu ly dugc luu trit voi cau trac file doc duoc béng cac
phan mém v& anh phan bé dién tro suat thong dung nhu
RES2DINYV, EarthImage [12].

Trién khai xay dung thiét bi do dia dién tré da cuc

Thiét bi do dién tré da cuc duoc xdy dung dya trén
nguyén ly ciia phép do 4 dién cuc co ban két hop véi bo
chuyén mach 4x24 dung ro-le di¢n tur. H¢ thiét bi & day
duoc cai tién so voi phién ban trude dé phi hop muc dich
str dung [13]. Thiét bi (hinh 1a) bao gdm 4 khéi chinh: (1)
ngudn tiém (phat) dong, (2) bd chuyén mach, (3) khdi thu
thap s6 liéu dong va thé, (4) may tinh cong nghiép PC104
voi phﬁn mém diéu khién va thu thap s6 licu tu dong.
Nguén tiém dong sir dung mach “step-up” don gian véi
dién ap didu chinh dwoc tir 12 dén 200 V & dong phat 0,1
A qua module DAQ 4024 [11]. Mach tao xung ON-OFF
va d4o chiéu qua 3 role dugc diéu khién qua 16i ra s6 cua
module do dong ADAM4012. Khoang thoi gian nho nhat
cho méi xung cho relay c¢& vai chuc ms. Hai module DAQ
ADAM4012 c6 bd loc thong thap 10 Hz ¢ 16i vao véi tre
khang dén 20 MQ, do phéan dai 16 bit (~10 pV) hoat dong
doc 1ap cho viéc do dong (qua tré shunt 0,82+0,2% Q,
15 ppm/°C) va hiéu dién thé véi dai do chon dugc bang
phin mém tir +150 mV dén +10 V phu hop véi yéu cu
phép do [14]. Uu diém chinh cta cac module DAQ cong
nghiép 1a: kha nang hoat dong 6n dinh trong diéu kién
thuc dia khic nghiét nhu dai nhiét do rong, do 4m cao va
nén nhidu méi truong 16n.
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Hinh 1: so dé khoi thiét bi (a) va hinh anh giao dién phan mém (b)

Viée két ndi da cuc duoc xdy dung qua bd chuyén
mach tu ché tao tai phong thi nghiém gém 3 mach ma
tran role 4x8 (cho 24 dién cuc) duoc diéu khién qua vi
diéu khién PIC18F2585 véi firmware didu khién hoat
dong theo chi dan tir may tinh. Cac khdi trén dugc két ndi
v6i nhau va voi may tinh qua mang RS485 dé c6 thé diéu
khién thiét bj tir xa ¢ khoang cach dén 1,2 km. Ngudn
nudi dai rong 9-18 V duoc cung cap tir dcquy hodc dién
luéi qua adapter dwoc phan tan dén cic module qua bd
chuyén d6i DC/DC cach ly dién. Viéc bao vé va chdng
nhiéu ctia hé thiét bi thong qua cac mach TVS (Transient
Votage Suppression) va cach ly dién - quang giita céc
phe‘in da dé bao dam su hoat dong on dinh & diéu kién
thuc dia. Cable vién thong 28 soi, dién 4p max 300 V,
ré tién, dé thay thé dugc dung dé két ndi ma tran chuyén
mach véi cac dién cuc.

Phin mém (hinh 1b) dong vai tro diéu khién moi hoat
dong cua hé thong duoc viét bang ngdn ngit Micorosoft
Visual C, chay trén h¢ diéu hanh Windows. Cac chire nang
chinh cua phén mém bao gém: chon c4u hinh cuc, cac ché
do phat dong (OFF, ON+, OFF, ON-), dat muc phat dong
I va thé U, sb 1an do va thu thap toan bd dang séng U-I
theo thoi gian. Thuat toan xir 1y s6 lidu hop 1y, bao dam
d6 tin cdy cua két qua do dién tro khi ty sb tin hiéu trén
tap S/N thip. Két qua duoc luu trit theo cdu truc file phu
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hop véi cac phan mém phan tich s6 liéu nhu RES2DIND,
EarthImager [12] dugc st dung rong rai trong linh vuc
dia dién ting dung ¢ Viét Nam. H¢ thiét bi da dugc khao
sat va danh gia do tin cy cua sd liéu thu dugc thong qua
mot mang gia lap gdm cac dién trd chuan hoa cho do
thang gidng cuc dai nho hon 1,5% toan thang [13].

Két qua thuc dia va thao luan

Thi nghiém ngoai thuc dia dugc thyc hién tai vuon hoa
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha
No6i (khu vuc Thuong Dinh). Sb dién cuc 1a 20, duge bd
tri déu nhau theo cdu hinh Wenner Alpha, khoing cach
gitra cac dién cuc a =2 m (hinh 2).

Hinh 2: minh hoa thiét bi thuc dia tai hién treong khdo sat

Do 16i vao cia module do dong va thé ding ADAM4012
¢6 bd loc tan th'c‘ip ¢6 tan s6 cit khodng 10 Hz, nén tin hi¢u
dong, dién ap do dugc bao gém tin hi¢u co ich chi phu
thp(f)g vao dong phat 7, va dién ap do ngudn nhiéu tan
s0 thap (<10 Hz) tr méi truong nhu dién truong tu nhién
(thé SP - Self Potential), thé do hién tugng phong nap
dién “charge up“ bdi tinh phan cyuc cua cac dién cuc [14].

—k Ui ()
IAB (tn)

luong duge qua mot chuong trinh con xir 1y s6 lidu theo
phuong phap hdi quy da thirc bac 3-5 va loai bo thanh
phéan bién thién theo thoi gian t . Phuong phéap nay don
gian hon phuong phap giai hé phuong trinh tuyén tinh véi
cac bién 1a hé s6 ctia phuong trinh [15].

bién tré suat bicu kién P c6 thé udce

o1



Khoa hoc Ky thudt va Céng nghé

Bieu do tan suat cua R

p/k=1,34 02, c—0,04 SE=0,002
12 R -
10 —
=
El
=
a) g
S s -
=]
=
= a4 -
2
s J
T T T T !
1,25 1,30 1,35 1,40 1,45
p/k—(dU/ DO
Measurement Error
-
= < -
L) P ]
(== Y - - &
= an - - .l
S - . PR
0 e
T T T T T T T
1 T

p::/K: (éIU /I):z

Hinh 3: minh hoa két qua ciia mot diém do (a) va sai s6 wéc lwong duwoe
cua cac diém do khdc nhau (b)

Két qua thu dwoc cia p/k = U/I minh hoa trén hinh
3a voi diém do dién hinh (diém 4.2, a =2 m, k = 2*pi*a
=12,566) cho sai s6 kha nho. Sai sb ty d6i cua cac diém
do nho hon 5% nhu hinh 3b hoan toan phu hop voéi
tiéu chuan ASTM G57 (dudi 5%) ciia My va Viét Nam
(dudi 10%) [16].

Hinh 4 14 anh 2D biéu dién phan b cua dién tré suit
tai san Truong Pai hoc Khoa hoc Ty nhién qua phén
mém EarthImager. Két qua cho thay, su phan bd cua cac
16p dat da kha phu hop véi dia chét tai khu vuc nay. Lp
trén bé mit c6 dién tro suit cao tuong tng voi nén dat
kho do nang nong kéo dai.

Hinh 4: hinh dnh 2D biéu dién su phan bé dién tré sudt ciia dat da
khu viee san Truong Dai hoc Khoa hoc Tw nhién

Vi thiét bi nay, cong suit tiéu thu ti da chi dudi 35
W khi cong suat cuc dai (chi tiéu ton trong thoi gian do
rat ngan tiy vao luong sd liéu can thu thap) va dudi 10 W
& ché do xir 1y 6 liéu cho phép ngudn écquy c6 thé hoat
dong trong thoi gian dai va phu hop v6i ngudn nudi truc
tiép bang pin mat troi két hop siéu tu dién.
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Két luan

Nghién ctru trién khai ché tao thiét bj thim do dién tro
suat cia dat da dung cic module DAQ cong nghiép cho
thy thiét bi dugc phat trién theo hudng nay co chi phi thép,
kha nang hoat dong thuc dia t6t, co thé trién khai phé bién
cho nhiéu tmg dyng nhu tham do hodc quan trac méi truong
dit d4 dé danh gia mic d6 6 nhiém, xAm nhap man hay
cung cip s lidu cho hé thong tudi tidu tw dong img dung
trong ndng nghiép. Két qué thi nghiém ngoai thyc dia minh
chimg cho két luan trén véi sai sé pht hop véi tiéu chuan
ASTM G97 cua My, voi didu kién thi nghi¢m. Cac anh
huong tur diéu kién thue ctia cac diém do nhu dién tré tiép
xtic giita dién cuc va bé mat qua 16n, ngudng phat dong bao
dam ty s6 tin hiéu trén tap S/N du lon... s€ dugc xem xét va
loai trir trong nghién ciru tiép theo.

Loi cam on

Nghién ciru nay diroc tai tro béi Pai hoc Quéc gia Ha
Néi trong khuén khé dé tai ma sé QG.16.02. Cdc tc gid xin
tran trong cam on.
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