Nghién ctiu - Ung dung

TIM HIEU QUY TRINH PO VA XU LY SO LIEU
TRONG LUC TUYET POI BANG MAY FG5x - 245

NGUYEN PHI SON, NGUYEN TUAN ANH
Vién Khoa hoc Do dac va Ban db

Tom tit:

Trong luc la mét chuyén nganh khoa hoc vé trai dat, nghién ctru xac dinh lwc hat cua
trai dat va sw bién thién cta né theo thoi gian. Trong luc ¢6 y nghia khoa hoc va thuc tién
to I6m, &p dung cho nhiing nganh khoa hoc co ban nhuw: tréc dia - ban do, dia chét - khoéng
san, tai nguyén nwoc, hai dwong hoc, thién van hoc, hang khéng, vét ly trai dat, quéc
phong..., trong sb cac chuyén nganh nay cé nhiing nhiém vu doi héi phép do trong luc véi
dé chinh xéc rat cao c& mot vai microGal, nhu: xay dwng hoac do lap mang Iwdi trong Iuc
co s, trong luc hang | quéc gia, thdm do trong luc céc ty 16 rat I6n 1/500 dén 1/5000, xac
dinh bién thién muc nudc ngdm... Cho dén ndm 2012, Viét Nam chuwa c6 méy do trong luc
tuyét déi ma phai hop téc véi Lién bang Nga trong xay dung va hoan thién hé théng trong
luc quéc gia. Trwéc yéu céu cua linh vie do dac va ban dé trong xay dung mé hinh
Quasigeoid, hoan thién hé do cao hién dai... ciing nhw yéu céu t,ng dung trong cac chuyén
nganh khac, Vién Khoa hoc Do dac va Ban dé da dwoc Bo Tai nguyén va Mobi trirong tang
cuong nang luc nghién ciru vé tréc dia cao cép véi céc may do trong luc thé hé méi nhét,
trong doé cé hé théng may do trong luc tuyét dbi FG5x. Péy la hé thong thiét bi hién dai va
chinh x&c hang déu thé gi6i hién nay do My san xuét. Trong 2 ndm qua céc can bd cla
Vién Khoa hoc Po dac va Ban db da nghién ciru khai théc st dung, (g dung trong cong
tac tréc dia ban do, lam chi duoc hé thong, dua ra céc quy trinh do dac, xt ly sé liéu, déc
biét Ia da nghién ctru tmg dung trong thdm do trong luc vé khoang sén ran, (g dung trong
nghién ctru dong thai nwéc dudi dat. Trong bai bdo nay xin gidi thiéu vé may FG5x bao
gém tinh ndng, quy trinh do va xw ly di liéu do trong luc tuyét doi.

1. Gi&i thiéu vé may do trong lwc tuyét
déi FG5x va kha nang trng dung

Nam 2012, Vién Khoa hoc Po dac va
Ban db dwoc Bo Tai nguyén va Mai trudng
tang cuwong nang Iwc nghién cru véi cac
may do trong lwc ma cho dén nay & Viét
Nam chwa cd, nham phat trién cac ng
dung va thuc hién cac dw an diéu tra co ban
vé trong lwc trén lanh thd Viét Nam, hop tac
thwe hién trén 1anh thdé Lao, Campuchia. Dy
an dau tw véi 2 bo thiét bj quan trong 1a hé
thdng do trong lwc tuyét déi FG5x sé hiéu

245 va hé théng do trong lwc hang khéng
AIR TAGS6. B6 may TAGS6 phuc vu do
trong Iwc chi tiét cho vung nui cao, bién gi¢i
chua cé di¥ liéu trong lwc (chiém gan 1/3
dién tich lanh thé Viét Nam). Con FG5x
phuc vu do thu nhan di liéu trong Iwc tuyét
déi véi do chinh xac rat cao, nhw cac méc
trong lwc co s&, hang | va cac ng dung
khac. FG5x hoat déng dwa trén nguyén ly
giam sat vat roi tw do trong budng chan
khéng dé xac dinh vj tri cGia qua roi bang
mot ham sé thdi gian. Cac quy dao roi tw do
dwoc tham chiéu dén mot hé théng hoat
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dong rat 6n dinh goi la Superspring.
Superspring dwoc cach ly cac tac dong dia
chén. Qua trinh roi dwoc giam sat rat chinh
xac bang moét hé théng giao thoa
LaserHeNe va dong ho nguyén tl rubidium.

Céc thanh phan ctda hé théng FG5x: gbm
4 hé théng con, hé thdng buéng roi; hé
thdng Laser (WEO100); hé thdng diéu khién
(Controler); hé thdng may tinh kiém soat va
phan mém thu nhan x& ly di liéu.

Théng sb ky thuét cua hé théng FG5x:
tbng trong lwong 320kg trong 6 hop; tong
khéi lwong 1,5m?; pham vi khéng gian yéu
cau 3mZ dién ap dau vao 110-240 VAC
(switchable), 50 - 60Hz; cong xuét: 500W.

Hiéu xuét ky thuat cia FG5x: do chinh
xac 1 - 2uGal; pham vi hoat déng: World-
Wide; nhiét do hoat déng 10°C dén 30°C; do
4m nhd hon 60%.

Vé céc ung dung clia FG5x: véi do chinh
xac rat cao ctia FG5x c6 thé phan biét duwoc
sw bién thién cla truwdng trong lwc trai dat &
muc do £ 2uGal trong khoang théi gian do
6,25 gio*. Phdn mém x& ly di¥ liéu do “g9” da
dwoc tich hgp cac moé hinh cai chinh, dam
bao loai trir cac hiéu (rng cho cac nhu cau
rng dung khac nhau.

Sau day xin gi¢i thiéu mét sé trng dung
co ban cuia do trong lwc tuyét ddi 6 chinh
xac cao ma hé théng FG5x cé kha nang dap
ng:

- Xay dwng cac mang lwéi trong lwe qudc
gia cac cap hang véi yéu cau dod chinh xac
vé gia téc lwc trong trwdng tir + 5uGal dén
+ 20uGal;

- Xac dinh sw bién thién cuc bo cua
trwong trong lwc theo thdi gian véi d6 chinh
xac cao hon * 5uGal, tham chi dén *

0,1uGal.

- Xay dwng mang lw¢i tya trong lwe phuc
vu tham do vi trong lwc & cac ty Ié 1/500,
1/1000, 1/2000, 1/5000; Nghién ctru khao
cb [3].

- Diéu tra nwéc ngdm va danh gia sw
thay déi ciia mwe nwéc ngdm. Sw bién thién
theo mua clia muwc nwdc ngdm bang cac
phép do trong lyc theo théi gian. Xac dinh
6 &m dat [5].

- Giam sat mwc nwédc bién toan ciu va
giam sat sw néng |&n toan ciu tir phép do it
nhat mot chu ky triéu nhat day da [5].

- Nghién cru danh gia ap lwc clta khi
quyén Ién bé mat trai dat va do cao cua
séng thay triéu (dnh hwéng cta ap lwc khi
quyén lén bé mat trai dat & mae 0,36 pGal/1
millibar. Sy bién thién cla trong trudong &
vuing ven bién do cac séng thay triéu dat toi
mirc 0,2 uGal khi song thay triéu thay déi 1
cm) [2].

2. Quy trinh do trong lwc tuyét doi
bang FG5x

2.1. Céng téc chuan bi

»>
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Chuén bi cac thiét bi ddng bo cia hé
théng FG5x (kém theo bubng bao én dam
bdo cho hé thdng FG5x ludn & trang thai
nhiét dd thap hon 30°C, d am th4p hon
85%), danh muc thiét bi kém theo day da va
trong trang thai hoat déng tét. May phat dién
dy phong.

Chuén bi may do trong lwc twong dbi dé
do gradient dirng tai diém can do (loai ZLS).

Chuén bi may do toa dd (GPS), dd cao
thay chuén.

Van chuyén thiét bi dén diém do bang 6
t6 chuyén dung, c6 hé théng gidm xéc; Yéu
cau khoéng gian quanh diém do phai dat
dwoc bubng bdo dn khoang 6m>.

2.2. Lap dat mdy trong lwc FG5x

- L&p dat gia d& cta FG5x: theo trinh tw
cUa catalog ctia nha san xuét. Do chiéu cao
cla gia d& so véi mat méc bang dung cu
theo may va ghi lai gia tri do dworc.

- L&p dat thiét bj dién: kiém tra lai cac
thiét lap dién ap dau vao phu hop véi dong
dién ap AC, tir 100-240V AC, 50-60HZ.

- Bom ion da dwoc duy tri cho budng roi
chan khéng bang ngudn dién t pin, gan
thém ngudn dién AC dé cung cap cho may
bon ion.

- Céc thao tac ngat, bat nguén dién AC
gitta cac hé théng con: WEO100, FG5x,
Controler Hight Voltge theo catalog ctia nha
san xuét.

- Toan bd hé théng phai bat truwéc khi do
it nhat 1a 1h déng hd dé cho bo phat laser
dat dén trang thai can bang nhiét.

- Kiém tra va can chinh: Kiém tra chum
tia laser thdng ding; Chinh van giao thoa
(Fring Optimization); Diéu chinh Twiddler

and Lower cho dén khi tia kiém tra (test
beam) va tia tham chiéu (reference beam)
chdng lén nhau; Két néi ANALOG FRINGE
trén SIM dén Oscilloscope, v&i théng sb (Ty
I&é doc = 50 mV /div; Ty Ié ngang = 2 psec
/div; Ngudn diu vao; Ty déng kich hoat
(automatic trigger) tai OV; Chinh cac tin hiéu
van trén Osillocope bang cach diéu chinh
guong # 2.

- Céc lwu y: Khéng van hanh hé théng
may FG5 néu van giao thoa cuc dai dudi
300 mV ho&c cao hon 400mV. Piéu nay cé
thé anh hwéng xau dén gia tri do trong luc;
Ngirng ché d6 OSC bang cach nhan nut
DROP trén SIM. Biéu nay mang lai sw an
toan cho vat roi vao cudi ctia chu ky OSC
tiép theo. Nhan TRIG sé dat chu trinh roi &
ché d6 nghi (REST) vao cubi cta chu ky
OSC tiép theo. Nh4n RESET lai sé ngirng
tat ca lwc dang co dé tha vat roi tir bat civ vi
tri nao; Khi nang lwong laser 1én ndm ngoai
pham vi, kiém tra dién ap DC (ngudn dién
bd phat laser) trén bd diéu khién WEO
(thwerng 5- 10 V [a d0); Kiém tra lai d6 thang
dirng cua tia laser bang lo chat Idng lan thi
2.

2.3. Qua trinh do

Théng qua phan mém “g9” dé khai bao
céac théng sb:

- Vé diém do: tén diém, ma diém, toa do,
ddé cao, gradient dirng cua diém, dé cao
may (tbng 2 dd cao do duwgc khi ta I&p d&t
may FG5x), dd léch truc quay cla trai dat
(ly & trang Web cla hang
www.microglacoste.com va cap nhat 1 tuan
1 lan), d6 cao chuyén déi (Transfer Height)
dat = 0;

- V& hé théng may: lwa chon loai tan sb
cta laser dang D, E, F,G bang ddng hd do
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dong dién. Két néi déng hdé do dong voi
OUTPUT, lan lwot do dong & cac vi tri D, E,
F, G va cap nhat vao “WEO 100 laser Setup”
phan (V);

- Vé tan suét mét lan do: Sé lwong
SETdo (thwérng dat 12 sets cho mot diém).
S6 lan qua roi trong mét lando Drops/Set
(thwong thuwong ta d&t 100 1an). Khoang
thoi gian gitra 2 1an do (thwong dat 1a 60
phat). Thoi gian gitra 2 lan qua roi roi
(thwong dat la 5 giay).

- Théng tin vé diéu khién, théng tin vé
nguoi do.

- Tién hanh do, di¥ liéu méi diém do dwoc
lwu thanh project.txt.

2.4. Két thuc do va thdo may

- Khi két thic do can sao lwu di liéu ra
mot bd nh& khac.

- T4t ngudn dién & SIMx (Pwa POWER
vé ché do OFF & SIMx), tat nguén dién cao
ap (van chia khéa), tt ngudn dién & bo phat
laser, tat ngudn chinh AC (khdng dwoc tat
nguén cla bom ion ngoai trir viéc van
chuyén di xa).

Khoa budng 16 xo bang cach kéo num
khoa ra va xoay khéa theo chiéu kim déng
hd 180° dé khoa lai.

Théo tat ca cac day cap da dwoc két ndi
khi I&p d&t may va cat vao tui dwng day cap.
Théao bubng roi; thao chan budng roi

Théao budng giao thoa ra khéi budng 6 xo
va cho vao hép.

- Budng 16 xo phai thuc sy dwoc khoa,
déng nép chéng bui & trén dinh, thao bubng
6 xo ra khoi gia d& va dwa toan bd vao
thung.

3. Xt ly s6 liéu bang phan mém “g9”

Phan mém “g9” déng bd cuing hé thdng
FG5x hoat dong trong mbi trwdng
Windows ™. g9 dwoc str dung véi tht ca cac
may do trong lwc tuyét déi MGL clia hang
Micro g Lacoste, bao gdbm ca cac FG-5, A-
10, FG-L. Phdn mém “g9” dwoc xay dwng
dwa trén cac thuat toan “Time Interval
Analyzer (TIA)” dé ghi lai cac théng tin lién
quan dén viéc kiém soat thoi gian chinh xac
cla qua roi (khodng cach roi la mét ham
cua thoi gian). Cong thirc chinh xac la:
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Viéc xtr ly cai chinh dbi voi s6 liéu trong
lwe toan phan dugc “g9” tinh trwc tiép gom:

- Cai chinh triéu dai dwong (Ocean
Load).

- Céai chinh ap xuét
(Barometric Pressure).

- Cai chinh triéu trai dat (Earth Tide -
ETGTAB).

khi quyén

- Cai chinh chuyén dong cuc cla trai dat
(Polar Motion).

- Cai chinh chuyén dbi d6 cao (Transfer
Height).

- Cai chinh tham chiéu (Reference Xo).

Ngoai cac tinh toan va diéu chinh trén,
phan mém cung cap khad nang x& ly thoi
gian thuc va théng ké cho nguwdi st dung
biét chi tiét vé cac tham sb khac nhu:

- Théng tin vé tram do: toa d6, do cao,
nhét do, ap xuét, gradient ding...

- Théng tin hé théng vé FG5x: thong sb
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Source Data Filename: thachkhe®2_240916
g Acquisition Version: 4.041600
g Processing Version: 9.120423

Set Time DOY Year Gravity Sigma Error Uncert Tide Load Baro
i | 18:32:16 268 2016 978533953.631 17.734 1.782 4.832 -26.149
2 19:02:15 268 2016 978533948.327 19.295 1.930 4.888 -23.294
3 19:32:15 268 2016 978533938.660 18.400 1.840 4.854 -17.028
4 20:02:15 268 2016 978533937.342 18.761 1.876 4.868 -7.487
5 20:32:15 268 2016 978533938.532 19.748 1.975 4.997 4.964
6 21:02:15 268 2016 978533964.541 18.201 1.820 4.848 19.743
7 21:32:17 268 2016 978533964.652 23.169 2.329 5.061 36.107
8 22:02:15 268 2016 978533965.112 41.301 4.13@¢ 6.103 53.098
9 22:32:13 268 2016 978533968.317 22.722 2.284 5.041 69.769
1@ 23:02:15 268 2016 978533969.702 19.125 1.913 4.884 85.173
11 23:32:15 268 2016 978533965.651 19.210 1.921 4.887 98.299
12 00:02:15 269 2016 978533967.344 15.166 1.517 4.743 108.342

vé cac thiét bi ddng bo vé tan sé, lazer...

- Thong tin vé tiéu chuén thu nhan d liéu
do: yéu cau vé cac SET do, thoi gian, do
chinh xac, cac yéu cau sé cai chinh, théng
tin vé diéu khién, thong tin vé nguoi do...

Mbi ca do thwong phai kéo dai trong
nhiéu SET do, mbi SET do la chudi théng sb
dam bao cho tinh toan mét tri trong Iwc toan
phan va xac dinh kém theo cac hiéu rng tai
thdi diém do. Cac théng sb setup cho mbi
SET do dwoc dat tuy thuéc vao tirng yéu
cau nhiém vu.

Két qua tinh toan, xi ly bdng phan mém
“99” dwoc xuét ra & dang file .txt, bao gdbm
céac cot div liéu vé mdi SET do nhuw: thi gian
do, gia tri trong lwc toan phan, cac gia tri cai
chinh (triéu dai dwong, triéu cing trai dét,
mat trang, mat tr&i, vi do, dé cao....). Tuy
thudc vao muc dich str dung gia tri trong lwc
tuyét dbi, nguoi str dung sé tinh cai chinh
vao gia tri trong lwc toan phan (Gravity).
(xem bang)

4. Két luan

So v&i cac hé théng do tuyét dbi trén thé
gi¢i hién nay, FG5x la thiét bi hién dai, dam

bdo dd chinh xac cao va dd 6n dinh nhét.
Cac nudc tién tién trén thé gidi, dic biét Ia
nhiéu nwéc Chau Au da va dang s dung
FG5x trong do trong lwc tuyét dbi nhiéu
vung lanh thé. Tuy nhién FG5x con han ché
& viéc chwa thich nghi v&i khi hau néng &m
& Viét Nam, van dé& nay da dwoc khac phuc
bang viéc ché tao thém moét budng bao 6n,
nham gilr cac diéu kién tét nhat vé nhiét do
va dd &m trong subt thoi gian do & thwe dia.
Trong th&i gian qua, cac can bd ky thuat cia
Vién da tién hanh do bang FG5x & nhiéu
vung & Viét Nam, da duc két thanh quy trinh
do, st dung va bdo quan may, cho dén nay
da lam chu dwgc céng nghé. V&i kha nang
&ng dung trong nhiéu linh vuwe, cho thay
tiém ndng cta FG5x 1a rat Ién. Bén canh
nhiém vu chinh 1a do I&p hé théng trong Iwc
co s& qudc gia, hang | quéc gia cua Viét
Nam, trong thoi gian t¢i FG5x sé tham gia
do trong lwc c& s& va trong lwc hang | cho
Vwong quéc Campuchia. Day 1a lan dau
tién, Viét Nam c6 bo thiét bi do trong luc
tuyét dbi hién dai, viéc nghién ctru tim hiéu,
van hanh va d&c biét 1a phat trién cac tng
dung khéng nhirng trong Ilinh virc do dac
ban d& ma con trong céc linh vue khac, nhw
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dia chat khoang san, tai nguyén nuéec... 1a hét sirc can thiét. Nam 2016, Vién Khoa hoc Do
dac va Ban d6 da hoan thanh dé tai “Nghién clru r'ng dung do trong lwc bang may FG5x
phuc vu diéu tra, danh gia nwéc duwdi dat va mot s6 khoang san rén & Viét Nam” ma sb
TNMT 07.42, bai bao duoc viét tir két qua thuc hién dé tai cap B noi trén.O

Tai liéu tham khao
[1]. Tén Tich Ai. 2003. “Trong lwc va tham do trong lwc”. NXB Bai hoc Quéc gia Ha Noi.

[2]. H& Minh Hoba. 2014. ‘Ly thuyét va thuc tién cla trong lyc trac dia”. NXB Khoa hoc
va Ky thuat.

[3]. Micro g Lacoste. User’'s Manual 2012.

[4]. Micro g Lacoste. 2012. “g9 Absolute Gravity Data Acquisition and Processing
Software”. www.microglacoste,com.

[5]. TrAn Van Nhac. 2008. “Phwong phap trong luc trong dia vat ly”. NXB Khoa hoc va
Ky thuat.O

Summary

Understanding and treatment process measuring gravity data with absolutely
FG5x machine - 245

Nguyen Phi Son, Nguyen Tuan Anh
Institute of Geodesy and Cartography

Gravity is a science of the earth, researchers determined Earth's gravity and its
variation over time. Gravity has scientific significance and tremendous practical, applied to
the walls such as basic sciences: mapping surveying, geology, water resources,
oceanography, astronomy, aeronautics, earth physics, defense..., among the majors has
the task requires gravity measurements with very high accuracy within several microGal
when building or network repeater gravity measurement basis, Grade | national gravity,
gravity exploration rate of 1/500 to 1/5000 huge, determine groundwater level variation...
for 2012 Vietnam counted no absolute gravity meter that must cooperate with Russian
Federation in developing and improving the system of national gravity. Before the
requirements of the field of geodesy and cartography, as well as key applications in other
disciplines, the Institute is the Ministry of Natural Resources and Environment KHDDBD
strengthening research on advanced geodetic gravity meters with the latest generation,
including the system of absolute gravity meter FG5x, this is the system of modern
equipment and the most accurate in the world today by the US producer. In 2 years the
scientific staff of the Institute of surveying and mapping has researched utilization,
applications in mapping surveying work, to master the system, making the process of
measuring, processing data, particularly in applied research has explored the gravity of
solid minerals, research applications in groundwater dynamics. In this paper would like to
introduce FG5x machines include features and process measurement data processing and
measurement of absolute gravity.O
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