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HE THONG PO TRONG LUC HANG KHONG TAGS-6
VA KET QUA BAY PO THU NGHIEM TAI VIET NAM

TS. NGUYEN PHI SON, TS. PHAM MINH HAI,
ThS. DINH XUAN MANH, KS. NGUYEN XUAN THANG
Vién Khoa hoc Do dac va Ban dé

Tém tat:

TAGS-6 la thé hé may do trong luc hang khéng méi nhét cda hang Micro-g Lacoste sau
nhiing phién ban ci sén xuét tr ndm 1958. TAGS-6 la ban néng cép ctia may do trong luc
hang khéng TAGS-3 va né c6 tac dung: thanh Iap mé hinh Geoid, diéu tra cac hién tuong
dia vét ly, thdm do khoang san va tim kiém dau mé. Hién nay, trén thé gi¢i Viét Nam la mot
trong 4 nuwéc dang s& hiru céng nghé hién dai bac nhét nay dé la Thuy Dién, An Do, Viét
Nam va Nam Phi. Trong khodng thoi gian tir 20 thang 3 dén ngay 2 thang 4 ndm 2014,
Vién khoa hoc Po dac va Ban dé (VIGAC) duoc nhan chuyén giao va bay do thir cong nghé
TAGS-6 dudi sw hudng dan cua chuyén gia ctia hdng Micro-g Lacoste - Scintrex Ltd. Sau
qua trinh chuyén giao ching ta da lam chu duwoc céng nghé va cac buéc xir ly sé lidu bay
do trong luc, day la nhiing buéc chudn bj cho dw an do dac trong luc ving nui Viét Nam

béng trong luc hang khéng.
1. Gi¢i thiéu chung

Trong nhiéu ndm qua, linh vuc Do dac
ban dd va Dia chat khoang san da thuwc hién
nhiéu cong trinh do dac trong lwc cac cap
hang, cho dén nay co ban sé liéu da pha kin
khu vuwc ddng bang, trung du Viét Nam. Déi
véi trac dia ban dd, sé liéu trong lyc trén
toan lanh thd sé& dam béo cho viéc giai quyét
cac bai toan vé xay dwng mé hinh Geoid dd
chinh xac cao va hé dd cao quéc gia hién
dai. Phan nui cao, bién gi6i chiém hon 1/3
dién tich ca nwéc hién chwa co dir liéu trong
lwc chi tiét, vi vay trong Chién lwoc phat
trién nganh Do dac va Ban d6' da xac dinh
cong tac do dac trong lwc can phai b sung
va l4p day cac khu vuc con trbng nham
hoan chinh toan b6 di¥ liéu trong lywc & Viét
Nam, phuc vu khéng chi cho Do dac ban dé
ma cac linh vwc trong va ngoai B6 Tai
nguyén va Méi trwdng, dac biét 1a phuc vu
Quéc phong an ninh. Can ct trén nhu cau

thwc tién can phai déi méi cong nghé nham
&ng dung cac thanh twu hang dau trén thé
gi¢i va di tién phong trong do dac trong lwc,
duwoc sy quan tam cua B Tai nguyén va
Moéi trwdng, Vién Khoa hoc Do dac va Ban
dd da dwoc trang bi may do trong lwc hang
khéng TAGS-6.

TAGS-6 14 dai dién cho thé hé may do
trong lwc hang khéng méi nhéat cia hang
Micro-g Lacoste sau nhirng phién ban ci
dwoc bat dau tién hanh san xuét t¥ ndm
1958. TAGS-VI 1a ban nang cap ctia may do
trong Iwc hang khéng TAGS/ Air Ill. Hé
thdng dwoc céu tao két hop gitva mot hé
thdng kiém tra do tin cay (a time-tested), bod
cam bién cé pham vi do trong lwc trén toan
thé gi¢i 20.000 milliGals, v.v.... Hién nay,
trén thé gi¢i cd 4 may TAGS-6 dang dugc
st dung & cac nwéc Thuy Dién, An D9, Viét
Nam va Nam Phi. TAGS-6 khi l&p dé&t trén
may bay co thé do trén dét lién va trén bién.

'Quyét dinh s6 33/2008/QD-TTg ngay 7/0/2008 phé duyét Chién lwgc phat trién nganh Do dac va Ban db Viét

Nam dén ndm 2020.
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Sau khi nhan dwgc may trong lwc hang
khéng TAGS-6 mang sb hiéu S-183, hang
Micro-g Lacoste da clr chuyén gia John
Seibert dén Ha No6i d& chuyén giao coéng
nghé va huwéng dan sir dung may cho Vién
khoa hoc Po dac va Ban db. Trong khoang
thoi gian to 20 thang 3 dén ngay 2 thang 4
nam 2014, qua qua trinh bay do th&r nghiém
duwéi sw hwéng dan clia dng John Seibert,
cac can bo cua Vién Khoa hoc Do dac va
Ban dd da lam chd dwoc céng nghé, van
hanh dwoc hé thdéng tir khau thao lap, két
ndi hé théng, setup mét chuyén bay do va
xtr ly di¥ liéu bay do trong Iwc va dir liéu mat
dét.

2. Giéi thiéu nguyén ly va cac théng
s6 ky thuat néi tréi cia may TAGS-6

2.1. Nguyén ly hoat déng cua may

May trong lwc clia Micro-g Lacoste
TagsAir 6 la mét hé thdng do trong luc theo
phuwong phap twong dbi. M&i chuyén bay do
déu dwoc xuat phat tr cac diém gbc trong
lwc hang cao va két thac tai diém gbc xuét
phat.

May trong lwc Air 6 gdm cé mot mot bod
chdng rung cao, Loai 16 xo cdm bién trong
lwe dwoc dat trén mdt con quay hdi chuyén
cé nén 6n dinh v&i thiét bi dién t&r co lién
quan dé co duwoc cac doc sb trong lwc.
Khoang do ciia may lén dén 20.000 mGal.
B& cadm bién dwoc hiéu chinh tai dwdng
chuén nui Rocky gan Denver, Colorado véi
moét chénh gia tri trong lwc khoang 500
mGal. M&i mét may trong lwc sau dé dwoc
phong thi nghiém kiém tra trén moét sb6 hé
thdng th& nghiém chuyén déng chi yéu |
dé kiém soat sw khac nhau clha gia toc
ngang va gia téc dirng trong bién d6 1én dén
+100.000 mGal. Bd cdm bién Air 6 hop nhat

véi mot con lac co khép dwoc hd tro bdi
mot 16 xo co chiéu dai khong ddi (Zero-
length). B& cam bién trong lwc cé mic d6
duy tri bat chap nhirtng chuyén déng cua
may bay bang cach dat trén nén 6n dinh. Ca
hai diéu kién ton tai trong may trong lwc Air
6. D6 |a bd chdng rung rat cao va dugc lam
rat nhay bang cach st dung mét 16 xo do dai
khoéng dbéi dé hé tro con lac. Lo xo do dai
khéng dbi 1a 16 xo ma cac tinh chét vat ly
twong dwong véi mot 16 xo cd chiéu dai
bang khéng khi né & trong mét trang thai
khong co gian.

Cong thirc xac dinh sé doc cla may
trong lwc trong khi con lac dang hoat déng
la: g=S+kB +CC (1)

Céng thie (1) dwoc trich trong tai liéu
“TAGS Hardware and Operating Manual” do
hang Micro-g Lacoste cung cép, trong dé:

g don vi doc sb cua s6 doc may trong
lwc;

S la strc cang cua 10 xo;

K la mot hang sé 1a mot ham cla do
nhay trung binh cta con lac va d6 rung;

B’ Téc dd cla con lac;

CC sb hiéu chinh khép truc ngang.

2.2. Mét sé théng sé ky thuat cua
TAGS-6

So v&i thé hé TAGS-3, thé hé mdi TAGS-
6 c6 nhiéu dac diém sau:

Hé théng can bang/bd cdm nhd hon thé
hé ci 40%:;

Trong lwong hé thdng can bang/bd cdm
nhd hon thé hé ci 30%;

Hé théng gidm chén thiy lwc véi 8 thanh
gidm chén va 4 giam chan chan khéng gidp
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hé thdng can bang hoat dong linh hoat va 6n
dinh hon. (xem hinh 1)

Cac goéc xoay quanh truc X va Y I&n hon

Kha nang phan héi day da 500,000 mGal
méi l4n do trong thoi tiét khong thuan loi.

Kiém soat nhiét dd bd cdm dam bao su
hoat déng 6n dinh ctia may;

Hé théng kiém soat nhiét d6 bd cam
bang dién;

Kha nang kiém soat cac vi x ly;

Cac nguén dién may tinh va nguén cho
bd xt ly dwoc thiét ké riéng ré tao tinh linh
hoat va thuan tién khi x&r dung;

Khéa hé théng can bang duoc thiét ké
thuan tién. (xem hinh 2)

Thiét ké chi tiét trong TAGS-6 va TAGS-3
(xem bang 1)

Béang 1: Théng sé ky thuat TAGS-3 va TAGS-6

TAGS-6 TAGS-3
Xoay theo truc X 250 220
Xoay theo truc Y 300 250
Thoi gian I3p lai do tinh 0.02 0.05 millGals
Giam yéu cau dién nang 75W 240W
Giam kich thuwéc 48% 55x 53x 56cm | 71x 56x 84cm
Giam trong lwong 73kg 140kg

2.3. Diéu kién hoat déng cua mdy
TAGS-6

Dam bao nhiét dé b6 cam ludn duy tri
murc trén 45°C. Luén dam bao duy tri dién
nang cGa B cdm trong sudt qua trinh do va
ngay ca khi di chuyén dé& khéng méat thoi
gian 1am néng b&i qua trinh 1am noéng cé thé
lén t&i it nhat la niva ngay.

Pé tién hanh do dac, tin hiéu GPS thu
duwoc phai c6 chéat lvong tét, do vay tram
base phai dwgc dat & cac vi tri théng thoang
khi do. Theo cac chuyén gia hwéng dan, khi
bat may vé tinh sé dinh vi diém gbc & dat &
tru s& cong ty Micro G Lacoste & Denver
nén qua trinh nhan tin hiéu c6 thé cham mot
hoac vai giay.

3. Bay do thtr nghiém & vung nui
huyén Thanh Son - Pha Tho

3.1. Céng téc chuan bj

- Chuén bi mét diém gbe (trong lwc hang
1) bao gébm: toa do, d6 cao va gia tri trong
lwe;

- X&c dinh vi tri & may bay: gia tri trong
Iwc, toa d6 va dod cao gén dung;

- Chuén bij cac thu tuc cap phép bay: So

Hinh 1: Chén gidm chén cta may trong luc TAGS-6

Hinh 2: Khoa cén bang TAGS-6
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dd tuyén bay; dan dwong tw dong, khu vuc
bay, d6 cao bay do, kiém soat khéng Iwu,
trwe thoi tiét;

- Lap dat thiét bi trén may bay (Thao lap
thiét bj TAGS 6, antenna, ngudn dién, két
nbi cac modul).

3.2. Khai quat bay do th nghiém va
cdc tham sé

Nhirng chi tiét clia bay do th&r nghiém 1a
nhuw sau:

Vi tri bay: San bay N&i Bai, ngay
30/3/2014;

May bay: PCA P-750 XSTOL VH-KZC;
May trong lwc: TAGS6 S-183;

Hang s6 kiém nghiém may trong lwc:
1.054;

D6 cao bay: dd cao ban dau 7000 feet,
thdp dén 3000 feet, hau hét cac chuyén bay
do & db cao 4000 feet (1300m). Bay dwéi
sy diéu khién cla kiém soat lwu khoéng do
doé dd cao va pham vi khdo sat khéng nam
du6i sw kiém soat ciia phi hanh doan bay;

Tram chi GPS: Vi tri (Nd&m ngoai khu

Ung dung

vire san bay): Co6 toa dd: 21°13°14.35”;
105946'06.68”; D6 cao: 10.68m; PO cao
angten clia may GPS tram chu (Novatel
702GG) HI =1.358 m;

D6 bu may bay (dé ta truyén gia tri trong
lwe tlr mat dat vi tri may bay dd dén tam
may trong lwc trén may bay): Ta do tw
Angten GPS t&i tdm cla may trong lwc:
1,115 m; Tl tdm clha may trong lwc t&i mat
dat: 1,323 m.

Gia tri trong lwc géc tai vi tri & may bay:
978674,447 mgal

Sé doc trwdc khi bay: (xem hinh 3)

Sé doc khi két thuc bay: (xem hinh 4)

3.3. Xt ly dir liéu bay do thwr

D{ liéu bay do thtr dwoc xt ly bédi 6ng
Seibert va sau doé la nhan vién cta VIGAC

véi phan mém Micro-g/LaCoste AGSys6.
(xem hinh 5, hinh 6, hinh 7)

D{ liéu dia hinh DEM phuc vu céi chinh
dia hinh dung cho khu vyc thir nghiém da
duwoc tai vé tir div liéu DEM toan cau, phan
mém AGSys6 duoc sir dung dé tinh véi cac
théng sb khai bao & hé WGS84 nhuw toa do

o

Warpvin

. — : -
Hinh 3: S6 doc tai vi tri d6 may bay truéc khi bay do
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Hinh 4: S6 doc tai vi tri d& méy bay sau khi két thic chuyén bay do
-2 - -2 = fcdNewFligl - B3R
- Flight data
Hinh 5: Man hinh chinh cta phdn mém Hinh 6: Nhiing dir liéu déu vao cia
xtr ly sé liéu AGSys6 chuyén bay thir nghiém
5
L] -:l.lll i

Hinh 8: M6 hinh dja hinh (DEM) la div
liéu d4u vao cho viéc cai chinh dia hinh
khu vuere bay do thir nghiém

Hinh 7: Céc tuyén bay duoc chon trong
qua trinh bay do tho
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Hinh 9: Biéu dién dwong db thi trung binh cta 4 tuyén bay ldp Bac-Nam

Bang 2: Vi du di liéu d4u ra cta két quad xt ly di liéu

Date Time Line ID grav beam lat Ing orth_ht fa FAA xcoord ycoord teff BGA
30-Mar-14 6:08:10 3 -11985.2 0.007639 21.1503 105.2487 1312.768 -405.143 -16.6164 3258233 2338803 15.1794 -23.1723
30-Mar-14 6:08:11 3 -777.701 0.00599 21,1509 105 2487 1312.71 -405.125 -16.515 525825 3 2338367 14.7168 -25.1008
30-Mar-14 6:08:12 3 1338264 -0.00127 21.1515 1052487 1312.705 405.125 -16.4118 5258254 2338031 13.7501 -25.0264
30-Mar-14 6:08:13 3 7439.107 -0.00141 21.152 1052487 1312.788 405.149 -16.307 5258255 23380035 12,708 -24.0403
30-Mar-14 6:08:14 3 4251.50 0.003485 21.1526 105.2487 1312.884 405.179 16203 525825.7 2330039 11.9104 -24 8719
30-Mar-14 6:08:15 3 -2649.05 0.005168 21.1532 1052488 1312.96 405202 -16.099 5258250 2330123 11.5907 -24.7936

30-Mar-14 6:08:16 3 6549314 0.001637 21.1538 1052438 1313.058 405232 -15.9932 5258262 2330137 11.8697 -24.7125

62

30-Mar-14 6:08:17 3 7664.838 -0.00065 21.1544 105.2488 131322 4035282 -15.8874 525826.6 2339251 12.6257 -24 6304

B, L ctia khu do, d6 cao so v&i mat nuwdéc
bién, d6 cao bay trung binh, cac gia tri toa
do, do cao, gia tri trong lwc khéi do, d6 cao
anten GPS, tan sb thu déng thoi ...phuc vu
tinh gia tri trong lwc Bouguer (BGA) va trong
lwc Fai (FAA). (xem hinh 8)

3.4. banh gid két qua bay do thir
nghiém

Nhirtng d6 thi cta di thwong trong lwc
chan khéng (FAA) clia tirng tuyén bay duoc
trinh bay & duei day va cac dwong dd thi
dwoc chdng 1&n nhau dé so sanh bbn tuyén
bay Nam-Béc I&p di 13p lai dwoc thé hién
trong hinh 9. Cac tuyén Nam Bé&c cho thay
rang kha nang bay lap 1a rat tbt cho khoang

cach ngén. Két qua bay lap cta 4 tuyén la
rét tét, gia tri do léch hai tuyén I&n nhét chi
khoang 4mgal thuwong thuwdong tr 1-2mgal.
(xem hinh 9)

Cac di¥ liéu dwoc xtr ly dau ra la mot day
s6 dang ASCII cla cac vung dwoc chon
trong mét dinh dang csv. R4t nhiéu cach ghi
di¥ liéu dau ra cé thé duoc tao dé phu hop
v&i nhu cau va muc dich st dung do dac va
lap ban dbd cu thé. (xem béng 2)

D@ lieu dwoc xt ly cé thé dwoc tai vao
mot loat cac géi ciia phan mém dé binh sai
cac diém giao cat dwong bay theo phuong
phap sb binh phwong nhé nhét, phan tich
hd so cla di¥ liéu va ban dé.
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4. Két luan

Lan dau tién & Viéet Nam da cé mot hé
théng do trong lwc hang khéng hién dai,
dam bao cho cbng tac do trong lwc & cac
vung nui cao, bién gi¢i va dac biét la toan bd
vung bién cla nwédc ta cé thé thyc hién
dwoc trong nhirng nam téi day. Lam cha
cong nghé va van hanh mét cach hiéu qua
la muc tiéu chinh cGa dot chuyén giao céng
nghé do Micro-g LaCoste thuwc hién tai Viét
Nam. Viéc phdi hop clia cac don vi cé lién
quan trong chuyén giao céng nghé bay do
trong lwc nhw Cuc ban dd Bd Téng tham
muwu, Cong ty dich vu bay VASCO, Cang
hang khéng quéc té Noi Bai da cho VIGAC
c6 nhirng kinh nhiém nhét dinh trong trién
khai cac dy an bay do trong lwc hang
khoéng.

Két qua bay do thtr nghiém tai ving nui
tinh Pha Tho da dat dwoc yéu cau dé ra, cac
can bd cta VIGAC da tich cwc hoc hdi va
chd déng nédm béat céng nghé. Hé théng
TAGS-6 da dwoc van hanh théng sudt dam

Summary

bao cac tiéu chuan ky thuat va yéu cau do
chinh xac cla do dac trong lwc chi tiét ving
nui theo cac tiéu chuan cla Viét Nam. Co
duwoc hé thdng nay chung ta sé khéng phai
di thué cac cong ty clia nwéc ngoai vao bay
do trong lwc & cac khu ve vung nudi nra ma
c6 thé chi dong khi c6 yéu ciu. Bén canh
doé cac nwéc nhv CHDCND Lao, Vwong
quéc Campuchia & nhitng nwéc chua cé
diéu kién bay do trong lwc viing nui, ching
ta c6 thé phdi hop trong twong lai.Q
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TAGS-6 air gravity survey system and testing results in Vietham

Dr. Nguyen Phi Son, Dr. Pham Minh Hai, MSc. Dinh Xuan Manh, Eng. Nguyen Xuan Thang

Vietnam Institute of Geodesy and Cartography

TAGS-6 represents the lastest development in a long line of Lacoste-based airbone gravi-
ty systems, stretching back to the first successful airborne gravity flights in 1958. TAGS-6 is an
upgrade to the TAGS/Air Il gravity meter, and is designed specifically for geoid mapping, geo-
physical survey, oil and mineral exploration. Currently, Vietnam is one of the 4 countries, includ-
ing Sweden, India, Vietnam and South Africa, owning this modern technology. During the peri-
od from 20th March to 2nd April 2014, Vietnam Institute of Geodesy and Cartography (VIGAC)
received the technology transfer and conducted test flights using TAGS-6 technology under the
direction of Mr. John Seibert, an expert from the company Micro-g Lacoste - Scintrex Ltd. After
the technology transfer program, VIGAC have gradually mastered this modern techonogly as
well as steps for processing airborne gravity data, thereby giving appropriate steps, serving for
the development of geodesy and cartography sectors in the next period.Q

TAP CHi KHOA HOC PO DAC VA BAN DO SO 24-6/2015 23



