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Nguon cung cap anh vién thim quang hoc va radar

thanh 1ap ban d0, quan ly tai nguyén, quoc phong an ninh
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Anh vién tham quang hoc Pleiades Neo. Dir li¢u da ~ Anh vién tham Radar Capella bang tan X, do phéin
pho - do phan giai mat dat 0.3m. giai mat dat 0.5m.

Dit liéu vién tham 13 ngudn dir liéu diéu tra co ban va khach quan tir cac nén tang trén khong va tir
khong gian vii try. Cung cip cho cac co quan quan 1y nha nuée mot cai nhin toan dién, da thoi gian, nham
hd trg dua ra cac quyét dinh tir mirc chi tiét dén tong quat vi mé.

Dir lidu vién tham 1a ngudn dau vao quan trong va chinh xac phuc vu nhiém vy thanh 1ap cac loai ban d6
da ty 18, quan 1y tai nguyén thién nhién, quan 1y chat lugng moéi trudng, quan 1y do thi - quy hoach, hd trg tim
kiém ctru nan - phong chong tham hoa, va ¢am bao an ninh - qudc phong tir sém tir xa.

Thanh 1ap tir nam 2000 va hoat dong trong linh vuc cong nghé tric dia ban d6. Vegastar 1a don vi tién
phong trong tu van va cung cép dir liéu vién tham da thoi ky va da do phan giai tai Viét Nam. Vegastar hd
trg tao diéu kién t6i da cho sang tao va thuc hanh, danh thtrc va hién thyc hoa tiém ning trong cong nghé
khai thac dir liéu vién tham, tao ra nhiing anh hudng dot pha trong khoa hoc cong nghé, kién tao tuwong lai.
Vegastar cung cap cac giai phap cong nghé vién tham dwa trén nhiéu nam kinh nghiém trién khai thuc té cac
h¢ thng cong nghé Vién tham - GIS dén sy ciing nhu qudc phong, hé thong tram thu mat dat, hé thong dir
liéu 16n va nghién ctru phat trién cac tmg dung tir dir liéu vién tham da ngudn vé tinh.

Vegastar v6i bé day hon 20 nim xdy dung va phat trién, 13 don vi tién phong dan dau vé cong nghé
trong nhiéu linh vuc véi st ménh mang lai cac Giai phap cong nghé cao - K§ thuit sang tao - Dich vu dot
pha phuc vu cho xa hoi.
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PHAN THU NHAT: VAN PE CHUNG

Vé kha ning img dung ban d0 va co'sé' dir liéu dia khong gian

trong diéu hanh phat trién kinh té ciia Chinh phi

, , , Tran Mai Hién !, V@i Van Chét "
! Vién Phat trién kinh té, van héa , xa hoi so, Ha Ngi, Viét Nam
Email tac gia lién hé: idecs2021(@gmail.com
1. Mé diu

Vao luc 12 gio 14 phut ngay 29-2-2024, gid Moscow (tirc 16 gid 14 phut cung ngay, gio Ha
Noi), Téng thong Nga Vladimir Putin di doc Thong diép Lién bang lan thi 19 tai Trung tim thuong
mai Gostiny Dvor ¢ thu d6 Moscow [1]. Trong Thong diép Lién bang nam 2024 kéo dai ky lyc 126
phut, Tong thong Putin cung cp nhiéu thong tin vé tinh hinh dat nudc; nhing chinh sach dbi noi,

d6i ngoai trong tuong lai va dat ra myc ti€u cho nude Nga trong 6 nam tdi.
Mo dau Thong diép lién bang lan tht 19 coa minh, trén nén ban d6 Lién Bang Nga, Tong
thong Putin khang dinh nu6c Nga dang bao vé chu quyen va luu y “viée bao vé va cung c6 chu
quyén dang dién ra trén moi hudng”, dong thoi tuyén b toan bo nén kinh té Nga di thé hién sy linh

hoat va viing chéc [8]. _
=
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Hinh 1. Tong thong Nga Viadimir Putin trinh bay Théng diép lién bang ¢ Moskva ngay 29/2/2024, Anh: TTXVN

Tong thdng Joe Biden téi 7/3/204 (gio Washington) da doc thong diép lién bang trude ludng
vién Qudc hoi My. Pay 1a bai phat biéu thudng nién trong d6 tong thong My dé cap dén hién trang
dat nudc va cac uu tién d6i noi va ddi ngoai trong thoi gian to1 [2]. Vé chinh sach ddi ngoai, ngay
26-2-2021 trén nén ban d6 Téng théng My Joe Biden cho rang Iran nén xem cudc khong kich cia
M§ nham vao nhém dan quan dugc Iran hau thuin tai mién dong Syria 1a sy canh bao véi ho [9].

Hinh 2. Khu viec Al Bukamal trong hinh la noi da xay ra vu My khong kich nham vao lch lwong dan quadn do Iran
héu thuan déng tai mién dong Syria - Anh: DAILY MAIL
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Trong chuong trinh kiém tra cac du an, cong trinh trong diém qudc gia nhitng ngay dau nim
moi, sang 29/1/2023 (tirc mong 8 thang Giéng), Thi twdéng Chinh phi Pham Minh Chinh d3 kiém
tra dy 4n xay dung Cang hang khong Qudc té Long Thanh, Dong Nai. Du 4n siy bay Long Thanh c6
s6 vbn khoang 5 ty USD (110.000 ty ddng), v6i nhiéu dy 4n thanh phan. Tha tuéng Pham Minh
Chinh néu rd theo Nghi quyet md&i nhit cia Qudc hoi, san bay phai dua vao sir dung nam 2025. Ghi
nhan nhiing nd luc, ¢ gang cua cac bén lién quan, nhung Thu tuong cho rang nhin lai thoi gian
qua, cong tac lanh dao, chi dao, quan 1y nha nudc, phéi hop giira cac co quan; viée to chure thyce
hién va don dbc, kiém tra, giam sat "chua xtng tAm voi mot cong trinh trong diém qudc gia, nén
van con ton tai" [3].

Tai tat ca cac lan chi dao, 1anh dao chinh phu déu co kiém tra tai thuc dia va c6 str dung ban
d6 - nhing san pham do dac ban do str dung nhiéu thiét bi cong nghé khao sat tién tién. Trong khudn
khé bai bao nay, ching t61 cd gang dua ra nhiing kha nang ng dung ban dd va co so dit lidu dja
khong gian trong diéu hanh phat trién kinh té cua Chinh phu.

Hinh 3 .Thii twéng Pham Minh Chinh kiém tra tién dé Du dn Cang hang khong quoc tée Long Thanh. Anh: TTXVN

2. Phuwong phap nghién ctru

2.1 Po dac lgp bin dé 3D

Theo [5] cong nghé 1ap ban d6 3D cia Skyline c6 thé cung cap mot nén tang da dugc ching
minh dé hoan thanh cac hoat dong 1ap ban dd thuong mai tir viéc thu thap hinh anh dén céc ban sao
k¥ thuat s6 c¢6 tham chiéu dia 1y chinh xac.

Tan dung t6i da viéc thu thap dir licu:

Tu dong tao cac san pham khong gian dia ly 3D (va 2D).

Xuit ra cac dinh dang tiéu chuan nganh.

Quy mo6 va quy moé du an khong gidi han.

Kha nang tuong thich hoan toan véi tat ca cac phép chiéu dia 1y va méc doc.

Cung cap thong tin ¢ moi noi.

HO trg nhidu ing dung trong nganh Kién tric, K¥ thuat va Xay dung (AEC), clng nhu cac
nganh Nong nghi¢p, Khai thac mo, Giam sat Tién ich va Kiém tra. Trong nhiing nim gan day, sy
san co6 cua dir liéu theo yéu cau tir viéc chup anh bang may bay khong nguoi lai ngay cang chuyén
nghiép da tao ra nhu cau xir 1y dit liéu trong thoi gian ngan va dam bao do chinh xac gitra cac b
suu tap. PhotoMesh cuia Skyline va bd cong cu bd sung cho phép dit liéu duoc sir dung vé6i cac diém

3


https://vnexpress.net/chu-de/thu-tuong-pham-minh-chinh-1753
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kiém soat mat dat chung hodc cac diém tham chiéu gitra cac bd dir liéu hién co6 va céac bo dir liéu
méi. Vi dir 1iéu 3D hoan toan c6 thé thue hién duoc, TerraExplorer bao gém cac cong cu dé tu
ddng phat hién su thay ddi giita cac 16p, thuc hién tinh toan khoi luong, do 2D va 3D ciing nhu xem
cac 16p theo thoi gian. Nhing kha nang nay giip nguoi dung cuoi va cac chuyen gia trong nganh
c6 thé tiép can bat ky du an truc tiép va nhay cam véi thoi gian nao trong mét moi trudng tryc quan
va phong pht, dong thoi ting gia tri cta dir liéu dé phan tich, ra quyét dinh va bao cdo theo thoi
gian thuc.

2.2. Giai phap truc quan 3D ndng cao

Két hop strc manh cia thyc té 4o va ting cudng voi cac cong cu phén tich, mé hinh hoa va
tryc quan hoa GIS 3D manh me cua ching toi, Skyline dé tao ra trai nghiém kham pha khong gian
dia 1y 3D hoan toan séng dong va truc quan nhim ning cao hiéu biét va ra quyét dinh.

Hinh 4 .Sir dung cong nghé thuc té do AR 3D dé mé phong thuec té dé hé tror quyét dinh. Anh. Skylinesoft.com

Vé6i phan mém d6t pha cua Skyline, chung ta c6 thé thu thap dir liéu tir tit ca cac ngudn do
anh, tir vé tinh va may bay khong ngudi 1ai/may bay khong ngudi 1ai ¢6 quy dao cao/thap dén cac
cam bién dudi nudc va phan tich ching cuing mét lac. Cac giai phap cua Skyline bién dir liéu tho
ctia ban thanh thong tin chinh xéc, ¢6 thé hanh dong, gitip ban nhanh chéng dua ra quyét dinh va
hanh dong dya trén phan tich sau vé thong tin chat lugng cao va thoi gian thuc [6,7].

3. Két qua nghién ctru va thao luin

3.1 Phdt trién Kinh té sé va co hgi dé Vigt Nam birt phd

Chinh phu hién dang trién khai rat quyét liét chuyén doi sd, chuyén ddi xanh, kinh té s, kinh
té trf thure, kinh té tuan hoan, chia sé...str dung tri tué nhan tao Al

Trong bdi canh Cach mang cong nghiép | lan thir tw dang phat trién manh mé, kinh té s6 ngay
cang co vai tro quan trong trong co cau kinh té m01 quoc gia. Viét Nam ciing khong nim ngoai xu
thé d6. Nhimng nam gan déy, cac hoat dong kinh té s6 dd c6 sy ting truong nhanh chong va duoc
Chinh phii quan tdm, u tién phat trién. Nghi quyét s6 52-NQ/TW, ngay 27-9-2019, clia Bo Chinh
tri, vé mot s6 chii trwrong, chinh sach chu dong tham gia cugc Cach mang cong nghiép lan thir tu de
ra muc tiéu dén nim 2025, kinh té s6 chiém ty 18 20% GDP. Pé dat dugc muyc tiéu ndy can nd luc
dong bo tir Chinh phit dén nguoi dan, doanh nghiép [4].

Cac hang xe cong ngh¢ Grab, Be; Cac san thuong mai dién tir.. déu st dung nén co so dir
liéu (CSDL) dia khong gian (GIS) dé trién khai cac hoat dong kinh té s6 ctia minh. Thuc té tit ca
céc nén tang kinh té s6 déu it nhiéu c6 ung dung CSDL GIS.
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Vi su phat trién cla cong nghé thuc té 40 AR, du lich thong minh stir dung ban dd va CSDL
GIS di va dang ngay cang phat trién. Dic biét trong van dé quy hoach khong gian kinh té thuong
duoc thiét ké mé phong trude dé chon phuong an t6i wu.

3.2 Xdy dung Tép bin do Quy hoach tong thé quoc gia thoi ky 2021 - 2030, tam nhin dén
ndam 2050.

Ngay 5/1/2023 tai ky hop bat thuong 1an thir 2 1a Quy hoach tong thé qudc gia thoi ky 2021-
2030, tém nhin dén nam 2050. B truong Bo K¢é hoach va Béu tu Nguyén Chi Diing trinh bay To
trinh vé Quy hoach téng thé qubc gia thoi ky 2021-2030, tam nhin den nam 2050. Chu nhiém Uy
ban Kinh té Quoc hoi da trinh bay bao céo tham tra vé Quy hoach tong thé qubc gia thoi ky 2021-
2030, tim nhin dén nam 2050 [10].

Dé truc quan hoa ké hoach nay, gitp cho Chinh pha diéu hanh dugc tét hon, ching t6i kién
nghi thanh 1ap “Tap ban dd Quy hoach tong thé qubc gia thoi ky 2021 - 2030, tAm nhin dén nim
2050.” Tap ban dd nay co6 thé gom cac ndi dung sau.

Chuong 1: Tong quan
1- Loi néi dau
2- Viét Nam trong quan hé véi cac nwée trén thé gioi
e Céc nudc hop tac chién lugc,
e (Cac nudc hop tac toan dién,
e Céc T6 chirc kinh t& WTO, EAEU, EU, ASEAN, TC TPP,
Céc Tb chtrc Quan su.
3- Muc tiéu Phat trién dén nim 2050
Giai doan 2021-2030

1. Tdc do ting truong dat khoang 7,0%/nam,

2. Vung Bong Nam B0 tang khoang 8-8,5%/nam,

3. Vung Pong bang song Hong khoang 9%/nam,

4. GDP binh quan dén nam 2030, dat khoang 7.500 USD...,

Giai doan 2031 - 2050,

5. Tbc do tang truong GDP khoang 6,5 - 7,5%/nam,

6. Ty 1¢ d6 thi hoa dén nam 2050 dat 70 - 75%.

7. GDP binh quan dén nam 2050 dat khoang 27.000 - 32.000 USD.

Chuong 2: 5 Quan diém vé té chirc khong gian phat trién.
1- Ban @6 Céc ndi ving, lién viing

2- Ban d6 Céc trong tam, trong diém

3- Ban d6 Kinh té xanh, kinh té tuan hoan

4- Ban dd Hanh lang kinh té, hé thong do thi

5- Ban d6 Khong gian phat trién quoc gia

1. Khu vyc dat lién, ving troi,

2. Vung bién, khong gian bién,

3. Khong gian ngam,

4. Kétndi cac hanh lang kinh té trong nudc véi khu vuce va quéc té,

5. Két hop phat trién kinh té, van héa, xa hoi v6i bao dam qudc phong, an ninh.

Chuong 3. 4 nhom nhiém vu trong tim trong thoi ky quy hoach.
1- Ban dd ha tang quoc gia
1. Ha tang giao thong,
Ha tﬁng do thi,
Ha tang nong thon,
Ha tang ning lugng,
Ha téng sé,
Ha tang vin hoa, x3 hoi,
Ha tﬁng thuy loi,
Bédo v¢€ moi truong,

NN R WD
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9. Phong, chdng thién tai,
10. Bién doi khi hau.
2- Ban d6 Co cdu phdt trién
1. M6 hinh tang truong,
2. Khong gian phat trién moi.
3- Ban d6 Phdt trién cdc vung
1. Tang truong quoc gia quan trong
2. Dan dat phat trién cta qudc gia.
4- Béan a6 Hanh lang vanh dai kinh té
1. Hanh lang kinh té truc Bic - Nam,
2. Hanh lang kinh té Dong - Tay,
3. Vanh dai kinh té ven bién,
4. Vanh dai cong nghiép - do thi - dich vu.
Chuwong 4: Ban d6 Dinh hwéng phat trién khong gian kinh té - xa hoi
1. Bao tdn, cdm khai thac,

2. Phan vung,

3. Hanh lang kinh té quan trong,

4. Linh vuc dé)ng bo, théng nhét,

5. Khu cong nghiép sinh thai;

6. Cong nghiép ho tro,

7. Hé thong Ha tang du lich, San pham va doanh nghiép du lich,
8. Moi trudng, tai nguyén,

9. Hanh lang va san pham di san.

5: Ban d6 Pinh hu’o’ng st dung dat quoc gia

1. Phan bo, quan 1y va st dung dat,

2. Thé ché, chinh séach, nang cao hiéu luc, hiéu qua quan ly va str dung dat.
6: Bin d6 Pinh hwéng phan viing va lién két ving,

1. Cong nghiép dién tir, nhan lyc chat luong cao Trung du va mién nui phia Bac,

2. Cong nghiép van hoa vung dong luc phia Bic va phia Nam.
7: Ban d6 du 4n quan trong quoc gia,

3. Céac “dy 4n quan trong cua qudc gia”,

4. Tam nhin, quy mo Chién lugc hanh lang kinh té, ving dong luc qudc gia.
8: Ban d6 Giai phap va nguon lye thye hién quy hoach

1. Cac nguodn luc cua nén kinh té,

2. Hé thong thong tin va co so dit lidu qudc gia.
San phim gom:

- Ban d6 c& 16n A0: Tap ban dd kho A3, A4,

- Hé théng ban d6 dang s6 trén may tinh, trén dién thoai (may tinh bang) théng minh,

- Hién thi trén hé thong.
4. Két luan

Thuec té trén Thé gii va Viét Nam c6 nhiéu phwong phap diéu hanh chinh pha de phat trién

kinh té xa hoi. Viéc sir dung tap ban d6 va CSDL GIS da va dang hd trg dac luc cho trién khai cac
ké hoach boi st dung ngon nglr ban do truc quan, vua tong thé, vira chi tiét. V6i su hd tro clia cong
ngh¢ 3D cung cac thiét bi thuc té ao AR ¢6 thé s& 1a mot giai phap giup cho chinh phu diéu hanh
dugc t6t hon, moi cong viée co the trién khai tai co quan bang cong nghé thyc té ao két hop véi
kiém tra tai thuc dia s& hd trg quyet dinh khéch quan va chinh xac hon.
Cam két ciia cac tac gia

Tt ca cac tac gia co tén trong bai bao cam két sy dong thuan va khong c6 xung dot loi ich
trong cong bd khoa hoc tai bai bao nay.
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PHAN THU HAIL: NGHIEN CU'U, UNG DUNG

Phan tich chuyén dich thiang dimg ing dung cong nghé GNSS véi binh sai luéi khong gian
va phép loc Kalman
Hoang Ngoc Ha!"
'Truong dai hoc M6 - Dia chdt, sé 18 Phé Vién, Bdc Tir Liém, Ha Néi, Viét Nam
Email tac gia lién hé: hoanghakhcn@gmail.com

Tom tit

Hién nay do anh huong cua bién doi khi hdu va tac dong ciia nwée bién ddang, & mot sé khu viee ciia nweée ta
6 hién twong chuyén dich bién dang nhu sut, lin. Trong bai bdo dd nghién citu phwong phdp phan tich sw bién dang
chuyén dich dimg (chuyén dich dia déng hoc theo phuong thang dirng, bién dang lin c¢éng trinh...), trén co s6 sir
dung dit liéu 3D thu dwoc tir két qua do ludi quan trdc ing dung cong nghé GNSS trong cac chu ky va ly thuyét loc
Kalman. Pa dwa ra co sé Iy thuyét va thudt todn tinh todn d6i véi bai todn phén tich va dw bdo bién dang irng dung
cong nghé GNSS. Két qua nghién citu ¢6 thé phuc vu cong tdc diéu tra co ban & cdc dia phwong cé khd ndang sut lin
hodc bién dang do dirt gdy dia chat hay do tic dong ciia méi truong.
Tir khéa: Binh sai, GNSS, Loc Kalman, chuyén dich dimg, Phdn tich bién dang
Ngay nhan bai: 25/03/2024 Ngay stra lai: 29/03/2024 Ngay chip nhan ding: 30/03/2024  Ngay xuét ban: 30/03/2024

Vertical displacement analysis applies GNSS technology with spatial network adjustment

and Kalman filtering

Ha Ngoc Hoang!*
"University of Mining and Geology, 18 Vien Street, Hanoi, Vietnam
Corresponding Author Email: hoanghakhcn@gmail.com

Abstract

Currently, due to the effects of climate change and the impact of rising sea levels, in some areas of our country
there is a phenomenon of displacement and deformation. In the article, the method of analyzing vertical displacement
deformation (vertical geodynamic displacement, construction settlement deformation...) has been studied, based on
the use of 3D data obtained from the results. Observation grid measurement applies GNSS technology in cycles and
Kalman filter theory. The theoretical basis and calculation algorithm for the problem of analyzing and predicting
deformation using GNSS technology has been presented. Research results can serve basic investigations in localities
with the possibility of subsidence or deformation due to geological faults or environmental impacts.
Keywords: Network adjustment, GNSS, Kalman filter, vertical displacement, Deformation analysis
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1. Mé dau

Vi sy phat trlen cua cong ngh¢ GNSS da tao ra budce tién 16n trong linh vye trac dia- ban d6
noi chung va quan trac bién dang noi riéng. Trong do dac truyén thong, viéc xac dinh bién dang
chuyén dich ltin thudng phai thuc hién bang viéc xay dung ludi thuy chuan va do theo chu ky. Tuy
nhién cong viéc nay doi hoi thoi gian do dai va ton nhiéu cong strc. Ung dung cong nghé GNSS cho
phep xay dung ludi voi do chinh xdac cao voi thoi gian ngan, trong pham vi rong va cho phép xac
dinh véc to chuyen dich véc to chuyén dich dtng cia vo trai dat. Cong ngh¢ GNSS c¢6 uu viét hon
cong nghé truyén thong 1a khong do1 hoi sy thong huong gitra cac diém, do dac duoc tién hanh trong
moi diéu kién thoi tiét. Mot s6 cong bd qudc té da tap trung xay dung cac mo hinh ing dung phép
loc Kalman dé tmg dung trong linh vuc phan tich bién dang nhu [13], phan tich chuyén dich phuc
vu diéu tra sat 16 [14] ...

O Viét Nam, cong nghé GNSS di duoc img dung trong mot s6 nghién cru vé chuyén dich cua
d6i dut giy song Da va déi dit gly Son La - Bim Son [7] ciia Vién Dia chét, nghién ciru chuyén
dich cua vo Trai dat trén khu vuc dut giy Lai Chau - Dién Bién [8].

Trong bai bdo s€ trinh bay co so 1y thuyet va tinh toan thue nghiém tng dung 1y thuyét binh
sai luéi GNSS két hop voi phép loc Kalman dé giai quyet bai toan phan tich, danh gia su chuyén
dich dtmg, 1ay vi du minh hoa trén ving thyc nghiém & mién Trung (lu6i Thach Ban-Cat Tién).
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2. Phwong phap nghién ctru
2.1. Sir dung d¢ cao trdc dia trong phén tich chuyén dich d¢ cao
M&i lién hé gitra d0 cao tric dia H va d6 cao thuy chuan h duoc biéu dién bﬁng cong thurc sau:
H=h+( (1)
O day ¢ - Dj thudng do cao.
Nhu vay c6 thé théy su chuyén dich bién dang tai 2 thoi diém tk va tk+1cua do cao thuy chuin
h sé la:
Ah = AH (2)
Nhu vay chung ta cé thé sir dung do cao tric dja, dugc xac dinh tir do dac va binh sai luéi
GNSS dé phan tich chuyén dich dtng theo cac chu ky do.
2.2. Xdc dinh d¢ cao tric dia tiv két qua binh sai lwéi tw do véi dn sé la toa dé B,L,H
Binh sai ty do ludi khong gian GNSS  trong hé toa d6 dia tam (X,Y,Z) ta s€ c6 h¢ phuong
trinh céc s6 hiéu chinh tuong Umg véi n tri do (AX;, AYj;, AZ;j) nhu sau:
V=AA+1L (3)
V&i A 1a ma tran hé sb voi cac hé s6 +1 va -1 ung voi cac thanh phén toa d§ tuong Ung trong
tri do (AXj;, AYii, AZ;j), Ax 1a vecto 4n sd, V va L twong tmg 1a vecto s6 hiéu chinh va sb hang tu
do trong hé phuong trinh. Ma tran trong s P ¢6 dang:

B, 0 0 0
0O P, 0 O
0o 0 - 0 (4)
0 0 0 P
Py Py, Py
p; = <P21 Py, st) =Q;* (5)
P31 P3p Ps3

Vi Qi 1a ma tran hi€p phuong sai cua cac tri do (AXi, AYjj, AZ;).
Doi v6i moi diém ludi GNSS, chiing ta ¢ cong thirc sau:

dB; (M; + H;)sinB;cosL; (N; + H;)cosB;sinL; — cosBjcos L; dX;
(dLi> == | (M; + H;)sinB;sinL; (N; + H;)cosBjcosL; — cosB;sin L; <in> (6)
dH; (M; + H;)cosB; 0 — sinB; dz;
Nhu vay, néu an s6 1a B,L,H thi hé phuong trinh cac s6 hi¢u chinh (1) c6 thé viét lai nhu sau:
V=A,4z+L (7)
O day:
Matran A, =I1A
15
7= = (®)
I,
(M; + H;)sinB;cosL; (N; + H;)cosB;sinL; — cosB;cos L;
IT; = | (M; + H;)sinB;sinL; (N; + H;)cosBjcosL; — cosB;sin L; (9)
(M; + H;)cosB; 0 — sinB;
Ttr h¢ phuong trinh sb hiéu chinh, ta 1ap duoc hé phuong trinh chuan co dang:
R,Az+ b, =0 (10)
R,=ALPA,b,=ALPL (11)
O day ma tran R, suy bién. Dé tim nghiém ctia hé (9) vecto an sé dugc tinh theo cong thirc:
Az = — R} b, (12)
Trong d6, R; 14 ma trdn nghich dao téng quat:
R; = (R, + CCH™ 1 —TTT (13)
Voi:
TT = B(CTG)™?! (14)
GT=(G; G, .. Gp) (15)
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Gi la ma tran Hermet, khi céc tri do 1a baseline (AX, AY, AZ) , ma tran G c6 dang:

1 0 0
Gi = (0 1 O) (16)
0 0 1
C"=(G; - G 0 .. 0) (17)
Trong trudng hop n =k (tirc C = G), ma tran nghich dao tong quat dugc tinh theo cong thic:
= (R, + GGt —TTT (18)
TT = G(GTG)™?! (19)

Sai s6 trung phuong tron s6 don vi dugc tinh nhu sau:
VTPV
U= |—— (20)
3n—3m+d
-3nla sé,tr} do cua ludi
- 3m la s6 an so

- d 1a s6 khuyét cta ludi (trudng hop dang xét o d = 3)
2.3. M6 hinh dong va phép loc Kalman
Trién khai cong thirc Taylor ctia ham s6 Hj<*% theo bién s0 thoi gian t, mo hinh ddng theo thoi
gian véi do cao trac dia, van toc va gia toc dugc biéu dién bang cong thire sau [10]:
HffV=H® +(typr-ti) vy, +1/2 (t1-te)’ an; (21)
H;**D,): P cao trac dia diém j ¢ thoi diem chu ky (ti1)
H;®: D9 cao tric dia diém j & thoi diém chu ky (tx)
Uy van toc chuyén dich cua H cua diém j
ay;: gia toc chuyén dich cua H cia diém j
k=1,2,...,1i(i: sb tht tu chu ky do)
j=1,2,...,n (n s6 th ty ciia diém trong ludi)
Nhu vay tu phuong trinh (21) ¢ thé thanh 1ap biéu thirc sau:

k+1 k
HID = B 4 (tga-ti) + 0,5(tga-ti)?

k+1 k k
oD = o 4 (1,30 (22)
a+) — (k)
. o j Hj
Biéu thuc (22) c6 the viét lai dudi dang ma tran nhu sau:
(k+1) (k)
‘ L (et 05Ctknto? \ [ )
(k+1) B ’ B (%)
H; = < 0 1 1 > Vh; (23)
(k+1) 0 0 1 (k)
QH; Hj
Ky hiéu:
1 (tes1-te)  0,5(tks1-tr)?
7}-("“) 1 1 (24)
0 1
H_(k+1)
(k+1) (k+1)
Vh (25)
20D
A,
H®
(k) (k)
VH; (26)
()
Ay,

10
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yj(k+1) _ ,I}(k+1)yj(k) (27)

Phép loc Kalman duogc st dung dé du doan vecto trang thai hién tai béng cach sur dung thong
tin vecto trang thai cia cac thong sb chuyén dong da biét & chu ky tk va cac phép do & chu ky ti.
dugc thu thap & ky tk.1.Vecto trang thai cia tham ) chuyén dong bao gé)m céc tham sd vi tri, van
tdc chuyén dong va gia toc. Hé phuong trinh dang ma tran cia mé hinh chuyén dong duoc sir dung
dé du bao cac tham s chuyén dong bang ky thuat loc Kalman trong ludi co thé duge biéu dién
nhu sau:

Yacrn) = T Ve (28)
k+1

e )\

) (k+1)

Yoerny = | 72 (29)
k+1

e

4\ g

i (k)
Yoo = | 72

O day:

-
V)

( T1(k+1) \ (31)
T+ =
\ pke /

YTy - vec to gid tri du bao cta toa dg, van tde va gia tdc
YTy -vec to trang thai tai thoi diém t.
Ti+1,- ma tran chuyén dich.
Phuong trinh (28) 1a phuong trinh du bao trong phép loc Kalman
Phuong trinh c¢6 yéu t6 nhiéu s& nhu sau:
Y1) = T Y + Skr1k (32)
Cyae+1) = Trark CyTicr 1k + Stk Cs Skaak (33)
O day ma tran Cy 1a ma tran hiép phuong sai clia vecto trang thai Y. da duoc loc ¢ thoi diém
tk.
Ma tran Cs 13 ma tran hiép phuong sai ctia vecto tnhiéu hé thong o thoi diém tx.
Tai thoi diém ti chung ta thuc hién do dac ludi GNSS, c6 thé thanh lap hé phuong trinh do
(phuong trinh loc) nhu sau:

Vige1 = A1 Vi = s (34)
Hay la:
q het1 + Viker = Aga Y (35)
Tur céc bicu thuc (30) va (34) chung ta c6 cong thuc sau:
V=A1Yis1+1L (36)
Ky hiéu:
— [ Vk+1
V= (Vl,k+1) (37)
A1 = (Af+1)
— — (Yr+1 (38)
L=-= (lk+1)

Ma tran hi¢p phuong sai:
Cysr O )

Ciorn = ( 0 Cri+1 (39)

11
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Ma tran Ay, trong biéu thire (5.2.34) trong truong hop ldy gia tri do bang chinh gia tri binh
sai ¢ chuky k+1s&la: AL, =(100)

Ma tran Ewxk) - Ma tran don vi, k sb 4n s6 toa do.
3. Két qua nghién ctru va thio ludn

3.1. Két qud nghién civu

Pé tinh toan , thir nghiém chung t6i st dung ludi do GNSS tai khu vuc mién Trung (luéi
Thach Ban-Cat Tién) gdm 9 diém ( Hinh 1).

6
Hinh 1. So d6 luéi GNSS

Thuc hién do 1dp 4 chu ky 2015, 2016, 2017, 2018 v6i gian cach thoi gian gitra cac chu ky 1a
mot ném.’ ) i )
. Két qud binh sai cho gia tri d cao trac dia tai cac diém ludi va sai sO trung phuong tuong

g ctia cac chu ky dugce trinh bay ¢ cac bang tir 1 dén 4.

Bdng 1. Gid tri d§ cao trdc dia va sai s6 trung phwong ciia cde diém trong chu ky 1(2015)

Piém1 | Piém2 | Piém 3 Pié¢m 4 Piém5 | Piém6 | Piém7 | Diém § Piém 9
H
(m) 233,660 422,073 46,164 462,312 | 478,985 | 433,071 137,976 1530,043 132,895
i 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002
(m) 0,0015
Bdng 2. Gid tri 9 cao trdc dia va sai s6 trung phwong ciia cdc diém trong chu ky 2(2016)
Piém1 | Piém2 | Piém 3 Piém 4 | Piém 5 Piém 6 | Piém 7 | Piém 8 Diém 9
(Ifrll) 233,712 | 422,062 46,150 | 462,315 478,945 | 433,055 | 137,989 1530,039 132,860
1(11;)4 0,001 0,002 0,002 0,002 0,001 0,002 0,001 0,001 0,001
Bdng 3. Gid tri 9 cao trdc dia va sai s6 trung phwong ciia cdc diém trong chu ky 3(2017)
Piém1 | Piém2 | Piém 3 Piém 4 Piém5 | Pim6 | Piém7 | Piém 8 Diém 9
(II:II) 233,671 | 421,977 46,117 462,256 | 478,938 | 433,026 | 137,956 1530,029 132,838
I(m)l 0,001 0,001 0,002 0,001 0,001 0,001 0,001 0,001 0,001
Bang 4. Gid tri do cao trdc dia vd sai s6 trung phirong ciia cdc diém trong chu ky 4(2018)
Piém 1 | Piém 2 Piém 3 | Diém 4 Piém5 | Piém6 | Piém7 | Piém 8 Piém 9
(1]1{1) 233,673 422,043 | 46,153 462,287 | 478,951 | 433,044 | 137,968 | 1530,031 132,873
r{n,: 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002
Bdng 5. Cdc tham s6 chuyén dich dg cao giita ndam 2015 - 2016 va cdc tham s6 toc dg chuyén dich
Piém 1 | Piém 2 Piém 3 | Diém 4 Piém5 | Piém6 | Piém7 | Piém 8 Piém 9
(dH}lI) 0,052 -0,012 -0,015 0,003 -0,039 -0,009 0,012 -2,1E-05 -0,035
( Z/H ' 0,062 -0,014 -0,018 0,003 -0,047 -0,035 0,015 -2,5E-05 -0,042

12



Tap chi Tric dia - Ban dd
Sé 10, Tap 01 (2024), ISSN: 2615-9481

Magazine of Geodesy — Cartography
Vol 10, N° 01 (03/2024), ISSN: 2615-9481

Bdng 6. Cdc tham sé chuyen dich dj cao giita nam 2015 - 2017 va cdc tham sé toc dj va gia téc theo chu ky 1 nam

Piém 1 Piém 2 Piém 3 Piém 4 Piém 5 | Piém 6 Piém 7 Diém 8 Piém 9

(dHI:I) 0,052 -0,076 -0,047 -0,056 -0,049 -0,009 -0,020 -0,014 -0,057

( TH ) -0,086 -0,091 -0,040 -0,090 0,009 -0,036 -0,055 -0,011 -0,015

(n/a'H 2 -0,092 -0,053 -0,017 -0,062 0,032 -0,022 -0,045 -0,003 0,0131

Bdng 7. Cdc tham sé chuyén dich @3 cao gitta ndm 2015 - 2018 va cdc tham sé toc dd va gia toc theo chu ky 1 nam

Piem 1 Pieém 2 Piem 3 | Piem 4 | Diém 5 Pbiem 6 | Piem 7 Pbiem 8 | Piem 9

(an;I) 0,012 0,076 0,011 -0,025 0,034 -0,024 -0,008 -0,012 -0,022

VH -0,092 0,032 -0,040 0,076 0,024 0,047 0,034 0,004 0,064
(m/nam)

aH 5 -0,072 0,065 | -0,01687 0,09 0,021 0,050 0,044 0,005 0,057
(m/ndm )

3.2. Thao ludn

Qua két qua tinh toan ching toi théy tat ca 9 diém,kiém tra dai luong Tu=dH/mawu déu vuot
gidi han theo tiéu chi thong ké T (t-distribution), do d6 cac diém nay déu co su chuyén dich vé do
cao.

Nhu vay két qua trién khai tinh toan thyc nghiém theo phuong phép dé xuat cho thay giai phap
tmg dung cong nghé GNSS trong van dé do cao va chuyen dich d9 cao trong bai toan quan trac bién
dang d3 dat muc tiéu da dé ra. Giai phap nay cho phép trién khai giai bai toan quan tric blen dang
trong cac pham vi khac nhau ma khong can xay dung mang luoi thiy chuan. Céac tham s chuyen
dich khong chi 1a cac tham sb bién doi d6 cao nhu trong mé hinh tinh, ma con xac dinh cac tham sd
van tdc va gia toc chuyén dich.

Néu voi bai toan st dung do cao tric dia GNSS trong viéc thanh 1ap ban d6 dia hinh con phai
sir Iy van dé mo hinh quaasi-geoid, thi trong bai toan quan tric bién dang chuyén dich thang dimg
khong can quan tim t&i mo hinh nay va cé thé xac dinh do chuyén dich bién dang véi d chinh xéac
cao va thyc hién trong thoi gian ngén.

Céc két qua nghién ctru cho thdy két hop cong nghé GNSS véi cac phuong phap sir 1i s6 liéu
trac dia hién dai nhur binh sai ludi tur do khong gian GNSS va loc Kalman cho phep hinh thanh cong
ngh¢ phan tich quan trac chuyén dich bién dang dimg khong nhat thiét phai vay dung ludi thuy
chuén truyén thong

Tuy nhién dé cé két ludn mot cach day du can phai tién hanh thir nghiém & nhiéu khu vuc trén
lanh thd nudce ta va vai sb chu ky nhiéu hon dé danh gia vé kha nang dy bao mot cach tin cay.

4. Két luan

Trong bai bao da xay dung co s khoa hoc va tinh toan thyc nghiém chirng minh cho giai phap
phan tich, danh gia chuyén dich bién dang dimg str dung cong nghé GNSS trong mé hinh dong trén
co s6 tmg dung 1y thuyét binh sai ludi tu do va k¥ thuat loc Kalman.

Tinh wu viét cia giai phap nay dugc thé hién ¢ sy phat trién ctia cong nghé GNSS vé6i do chinh
xdc cao va thoi gian thi cong nhanh, trong cac didu kién khac nhau. Ngoai ra voi s6 chu ky do 16n
c6 thé c6 kha nang dy bao vé chuyén dich bién dang troi, lan dé c6 cac phwong an ing pho phu hop.

Hién nay, v6i tinh hinh sut, lin ¢ céc tinh dong bang song Ciru Long, chung t6i thay co thé
xdy dung cac tram quan trac, dya trén Gng dung GNSS va 4p dung giai phap da trinh bay ¢ trén dé
danh gia, phan tich va xay dung co sé dit liéu vé chuyé dich bién dang lun cia ving.
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Giam sat 6 nhiem chat phong xa trong nuwdc bién bang tich hop cong nghé vien tham
va s0 liéu quan trac thuc dia
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Tom tit:

Moi trieong bién hién nay dang la vin dé dwoc thé gidi quan tam truée ap lwc vé 6 nhiém, ddc biét 6 nhiém
chdt phéng xa do chdt thai ran, nwée lam mat tir cia 16 phan img hat nhan tie cac nha mdy dién nguyén tu thai ra.
Viét Nam la quéc gia bién chiu danh hwong chung trong van aéé nhzem nay. Bai bao gioi thiéu phuong phdp phat
hién su bat binh thuwong ciia moi truong nudc bién va két hop véi ldy mau thyc dia dé tim ra nguyén nhan ciia nguon
6 nhiém, truée hét cho muc dich 6 nhiém chdt phong xa. Phwong phdp dé xudt diwa vao hién tuwong huynh quang phat
ra cia thuwe vdt phit du ma cam bién vé tinh thu nhan dwoc khi ching hap thu birc xa Mdt troi dé quang hop trao doi
chat va thai éxy. Nghién ciru cia ching téi méi & giai doan dau vé phan 1y thuyét sé dwoc chia xé & ddy. Két qua
thiee nghiép sé dwoc gidi thiéu vao dip tiép theo.

Tir khéa: O nhiém chat phéng xa, hupnh quang, birc xa, khuéch tan )
Ngay nhan bai: 25/03/2024 Ngay sura lai: 30/03/2024 Ngay chap nhan dang30/03/2024  Ngay xuat ban: 30/03/2024

Monitoring seawwater radoactive contamination by intergrating application remote sensing

technology and field observation data
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Abstract:

The marine environment is now a matter of being concerned by the world in prior pressure on pollution,
especially radioactive contamination of solid waste, cooling water of nuclear reactors from nuclear power plants
discharged. Vietnam is a sea nation affected by this pollution. Our article introduces methods to detect the
abnormalities of the seawater environment and combined with field sampling to find the cause of pollution sources,
first for the purpose of radioactive contamination. The proposal method is based on the fluorescent phenomenon
emitted by phytoplankton but the satellite sensor receives when they absorb solar radiation to massage metabolism
and emission oxygen. Our new research in the early stages of theoretical part will be shared here. Experiment results
will be introduced on the next occasion.

Keywords: Radioactive contamination, phenomenon, radiation, diffusive
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1. Pt van dé

DPé Viét Nam giau lén tu bién, manh 1én tir bién doi hoi méi truong bién cua Viét Nam duoc
bao v¢ lanh manh, khong chi on dinh méi truong chinh tri ma con doi héi moi truong bién déo tu
nhién ciia ching ta phat trién bén vimng, trudc hét tranh dugc cic rii ro 6 nhiém nudc bién. Nguon
6 nhiém bién khong chi 14 cac chét thai ran tir sinh hoat ma con 1a cac chét thai ran tir phé thai cong
nghiép nhu céc tir cac 10 cao db ra bién ctia cac nude cd chung bo bién. Khong nhing thé, cac chat
thai 16ng 1am mat tir cac nha may trong van hanh san xuit ciing duoc xa thai truc tlep ra bién, mang
theo cac hoa chit cling nhu nhing phan tir kim loai nang lam hé sinh thai bién bj chét, tham chi bi
huy diét trén dién rong. Mot van dé ndi cdm vao cudi nam 2020 vé thong tin ciia B Khoa hoc cong
ngh¢ va Vién nghién ctru hat nhan Philippines ghi nhan nong do phong xa cao bat thuong & cac ran
san ho trén Bién Dong. Céc chuyén gia Philippines phat hién i- -6t 129 tai mot s6 ran san ho thude
quan dao Truong Sa cua Viét Nam va ving bién phia dong Philippines. Trong do, noi c6 noéng do
phong xa cao nhat nam gan khu vuc da Vanh Khan thude quan dao Truong Sa cua Viét Nam. Cac
nha khoa hoc Philippines cho biét i-6t 129 14 san pham ciia qua trinh phan ra hat nhan. Dién hinh 1a
tlr cac vu thir hat nhén, su ¢b hat nhan hodc qué trinh tai xu 1y ndng luong hat nhan (bao dién tu
VTC News, ngay 08/12/2020).

Su 1o ri chat phong xa tir sw ¢d cac nha may dién hat nhan khong chi anh hudng t6i méi truong
khong khi ma ké ca moi trudng nudc do mua, gid, bui. Khong nhitng thé nhiing 16 1am mat bang
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nude cia mot sd nha may dién nguyén tu lai dugc xa thai ra cac hd vinh thong vaoi bién. Do vay
ngudn 6 nhidm phéng xa ctia méi truong nude bién cd nguy co rat cao. Hon thé nita, sy ¢d thién tai
moi trudong khién nha may di€n hat nhan bi huy hoai nhu nha méy Fukushima cua Nhat Ban vao
nam 2011 khién hang triéu m3 nudc tir 16 phan tng hat nhan chay ra bién.

Trong ntra thé ky qua, thé gidi da chig kién ty 18 cac sy cd trong do chat phong xa bi d6 hoic
thai ra dai dwong. Mot nha may nhién li¢u hat nhan cua Anh da nhiéu 1an x4 chat thai phong xa ra
bién Ailen, mot nha may tai ché hat nhan cua Phap da xa chat thai twong tw vao eo bién Anh, va
trong nhiéu thap ky, Lién X6 da d6 mot luong 16n chit phong xa xudng Béc Bang Duong, bién Kara
va bién Barent. Mic du sy rong 16n cua dai duong c6 kha ning 1am lodng nhlem ban hat nhan, céc
d4u hiéu lay lan vat liéu phong xa dang dugc phat hién ra khoi Nhat Ban, bao gom phat hién nong
d6 phong xa nang cao cta Caesium va it trong c4 & phia nam ctia Fukushima, va cip do phong xa
cao trong nudc bién cach xa bd téi 30km.

Trong nim 2016, ba nha may dién hat nhan ciia Trung Qudc & nhitng vi tri gdn v6i Viét Nam
da bat dau di vao hoat dong: hai to may dau tién c6 cong suat 1.000 MW ctia Nha may dién hat nhan
Phong Thanh (Quang Tay) di vao hoat dong thuong mai, hai t6 may 650 MW ctia Nha may Xuong
Giang trén dao Hai Nam va ba t6 may 600 MW ciia Nha may Truong Giang (Quang Dong) da duoc
két ndi ludi dién qudc gia cua Trung Qubc. Mdi nha may déu thiét ké du kién co 6 t6 may
(https://tuoitre.vn/ 10/10/2016). Nha may Phong Thanh & tinh Quang Tay, caich TP.Mong Cai (tinh
Quang Ninh) 50km va cach TP.Ha Noi khoang 500km; nha may Truong Giang (tinh Quang Dong)
cach bién gidi Viét Nam 200km va nha may Suong Giang (ddo Hai Nam) cach ddo Bach Long Vi
(Hai Phong) hon 100km.

Ted Poston (mdt nha sinh thai hoc thudc Phong thi nghiém Qudc gia Ty Bic Thai Binh
Duong ciia chinh phit Hoa Ky & Richland, Washington) giai thich néu cac hat nhan phong xa ¢ dang
hoa tan, chiing s€ hoat dong khac véi khi ching bi hép thu thanh cac hat. Néu i6t-131 duoc rong
bién hodc sinh vat pht du hap thu, n6 c¢6 thé duoc chuyén sang ca, dén lugt chung lai bi nhitng loai
ca 16n an thit, nhu da thay & bién Ailen. Cé ciing c6 thé hap thu cac hat nhan phong xa trong nudce
thong qua mang cua chung, va cac hat nhan phong xa c6 thé bi dong vat than mém an vao. Buessler
va cac chuyén gia khac cho rang; Ca cac nguyén t6 phong xa ton tai trong thoi gian ngan (chang
han nhu i6t-13 1) va cac nguyén t6 ton tai 1au hon (chang han nhu xézi-137), véi chu ky ban rd 30
nam, déu c6 the bi thuc vat phi du hip thy, dong vat phu du, tao be va cac sinh vét bién khac va sau
d6 dugc truyén vao chudi thirc an, cho ca, dong vat co v bién va con ngudi.

Trong mot the gi61 ma sy phy thudc toan cau vao thuy san dé 1am thyc pham ngay cang tang,
it nhat 10% dan sb thé gioi phy thude vao nghe c4 dé kiém sbéng - mot moi truong bi 6 nhidém tiém
an c6 thé dan dén mot chudi thyc pham bi 6 nhidm, 1am ddy 1én lo ngai cuia nguoi tieu dung. Ching
ta ciing biét rang khoang 95% bénh ung thu ¢ ngudi dugc kich hoat do tiép xtic voi cac chat doc hai
¢6 trong moi trudng, bao gdm ca thuc pham (theo Elizabeth Grossman, pril 7, 2011, Published at
the Yale School of the Environment).

Vao dau thap nién 80 cua thé ky trude cac nha nghién ctu da thue nghiém trong phong thi
nghiém nham st dung chi s6 sinh hoc dé theo ddi 6 nhiém xa trong moi truong bién thong qua nuodi
trai, so bién bang thuc vat phii du bi nhiém xa [1]. Théng qua d6 dé thay duoc mirc do lay nhiém
phong xa tir vt nay sang vat khac. Trong nhiing nam 90 cua thé ky trude cung dé co nhiéu nhiéu
nghién citu vé 6 nhiém moi truong bién boi chat phong xa thong qua chat tram tich & day bién, ciing
nhu & bé mat 16p nuoc [2,3]. Tiép tuc vao dau nhimg nim 2000, mot sé nghién ctiru 6 nhiém nudc
bién thong qua chat trim tich [4-6] & bién East Coast Peninsular ctia Malaysia; bién Pacific cach
Fukushima ¢ khoang cach 30 km; va vung bién Nhat Ban. Pang quan tam vé nghién clru cua nhom
nha khoa hoc Trung Qudc gan day nhét vao nam 2020 [7] da dung tdu tham do lay mau nudc mit
trén 3 ving bién Trung Qudc, ving bién Hoa Pong va Hoang Hai. Két qua cong bd: Ton kho chét
phong xa 137Cs cao trong cdt nudc, do hoa tan cao va thoi gian luu tri trung binh dai. Thoi gian cu
tra trung binh cua 137Cs ¢ bién Trung Hoa dugc xéac dinh 1a 45,6+3,8 nam; 36,8+3,1 nam ddi véi
bién Hoa Pong va 12,0+1,0 nam ddi voi bién Hoang Hai.
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Céc hat trAm tich troi ndi trén téng 16p nudc mat cling nhu thyc vat phu du co6 thé duoc trich
Xudt tir cac anh vé tinh ‘chuyén cho bién dai dwong nhu anh v¢ tinh Modis cia My hay anh Sentinel
ciia EU. Két hop v6i s6 lugng nho mau nudc bé mit sau khi dua vé ' phong thi nghiém chit loc, say
kho va dung thiét bi chuyen dung dé do ndng d6 phong xa cia chat phong xa, ching ta co the su
dung gia tri phan xa vién tham da dugc xtr 1y loai bo nhimg tin hi¢u nhiéu dé tham chiéu vé& ham
lwong chit phong xa trén quy mo cho tung pixel anh. Hét hop véi GIS chung ta c6 thé biéu dién
phan bd khong gian cua chéat phong xa cho ca mot ving bién rong 16n ma chiing ta quan tam. Phuong
phap do ham luwong phong xa cac miu tram tich, phu du trong phong thi nghiém c6 thé tham khao
[3,8,9].

Vién tham vé tinh duoc coi 1a mot linh vuc khoa hoc cho phép tiép cén co hiéu qua khong chi
d6i voi cac d6i tuong trén luc dia ma con d6i voi cac thuc thé b1en dao. Day 1a mét cong cu quan
trong Ve ap dung cong ngh¢ tién tién dé phat trién nén tang “Ha tang dir liéu khong gian dia ly quoc
gia” vé bién dao cua Viét Nam, hudng téi dap ung yéu cau quan ly Nha nudc, phat trién kinh té -
x4 hoi, bao dam quoc phong, an ninh; bado ddm kha nang két ndi lién thong véi ha tang dir 1iéu khong
gian dja 1y cac nudc trong khu vuc va qudc té. Phat trién Gng dung cong ngh¢ Vién tham da dugc
bang va Chinh Phu dac biét quan tam. Thu tuéng Chinh phu da ky Quyet dinh s 149/Qb-TTg
ngay 01/02/2019 phé duyét “Chién luoc phat trlen Vlen tham qudc gia dén nam 2030, tAm nhin dén
nam 2040”. Quan diém ctia Chién lugc 13 phat trién vién tham Vi | thiét bi, cong nghé tién tlen hién
dai. Nha nudce tap trung dau tu h¢ thong thu nhan dir liéu anh vién tham, co so dir liéu vién tham
qudc gia, phat trién cong nghé vién tham, quan trac va giam sat bang vién tham trong mot s6 linh
vuc. Thong tin, dit liéu, san pham vién tham dap tng tiéu chuan, quy chuan k¥ thuat va duoc chia
s¢é, st dung c6 hi€u qua trong cac nganh, cac linh vuc.

2. Phwong phap

Phuong phap dé xuat giam sat 0 nhiém phong xa nudc bién duoc giai quyét thong qua xac
dinh dinh tinh ciing nhu dinh luong vé kha nang hép thu birc xa Mt Troi ctia thuc vat phu du & 16p
nuée mit c6 do sau z (m) bang cong ngh¢ vien tham.

2.1. Thuc vit phu du tir vién tham vé tinh

Thuyec vat phu du 13 nhiing sinh vat don bao da dang vé mit phan loai, sdng & tang trén ctia gan
nhu tat ca cdc viing nudc trén Trai dat, va chiung c6 kha ning quang hop. Qua trinh quang hop rong
hang nadm cua riéng thuc vat phu du dai duong c6 mirc do tuong tu nhu cta tat ca cac loai thuc vat
trén can va né dong mot vai trd quan trong trong chu trinh carbon sinh quyén [11]. Nang suat dai
duong bi tdc dong manh boi cac bién ddi khi hau nhung viéc dinh lugng tdc dong nay va sy du doan
su thay d6i trong twong lai doi hoi su hiéu biét vé cac yéu té moi truong, mirc do stir dung anh sang
va tang trudng cua thuc vat phu du. Tuy nhién, viée xac dinh dac diém toan cau vé su bién d6i sinh-
ly cua bién duoc cho 1a thach thic 16n hon nhiéu so vé&i viée chi don gian 1a dinh lugng trit lugng
thyc vat phu du. Nam 2002, hinh anh quang phd c¢6 do phan giai vira phai (b cam MODIS) cua
NASA véi kha ning phat hién huynh quang diép luc cta thuc vat phit du dé danh gid tinh trang sinh
Iy cta ching. Cing nhu d6i voi thuc vat trén can, qua trinh quang hop 6xy trong thuc vat phu du
lién quan dén viéc thu nhan anh sang va chuyén tai dién tir giita hai trung tim phan tng séc to chiu
trach nhiém cho qué trinh chuyén hoa 6xy, noi ning luong anh sang duoc thu nhan ¢ dang héa hoc
[12]. Su phat xa huynh quang dudi anh sang mit troi tu nhién c6 thé dugc phat hién trong phd bic
xa di 1én tu phia duoi bé mit va tir bén trén bé mit nude bién. Su phat xa tor Mat Troi va su hép thu
sdc t6 manh béng tin hi€u “huynh quang ty nhién” cua thuc vat phu du bién, ban dau duogc dé xuét
nhu mét céng cu dé tinh ty 16 quang hop cua thuc vat phi du va c6 thé ghi lai sy bién doi sinh-ly
[13]. Nhimg quan sat hién truong nhu vay 1a cong cu dé phat trién kha nang phat hién huynh quang
bang dau thu cam bién trén vé tinh. Cho dén nay, viéc ap dung béng quan sat vé tinh hién tuong
huynh quang cua thyc vét phu du diép luc con han ché. Bayeu t6 chinh diéu chinh sy phan b6 huynh
quang cua thuc vat phu du toan cau, 1a: (1) ndng do sic td, (2) phan Gmg quang-sinh bao vé, ngin
ngtra thiét hai do anh sang c6 cudng d6 cao, va (3) hién tuong tu che bong trong hiéu suat hp thu
anh sang [14]. San lugng lugng tir huynh quang cua thyc vat phi du diép luc quan tric tir vé tinh c6
thé chirng minh mot cong cu méi quan trong dé xac dinh dic diém tng suét chit 6 nhiém trong cac
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dai duong, cai thién uéc tinh quang hop ca dai dwong va giai quyét cac van dé tuong tac giita sinh
vat phu du va khi hau.

Huynh quang diép luc (F) 1a mot thong lwong nho dé khir su kich thich dbi véi nang lugng
anh sang Mat Troi duoc thyc vat phu du hép thu phuc vu trao d6i chit, thai 6-xy. Dong anh sang
huynh quang nay duoc phan giai dé dang trong dir liéu truong burc xa va thuong duge diéu chinh
boi: ndng d6 hay ham luong chat diép luc (Chl), hé sb hap thy riéng cta thuc vat phu du diép luc
(<a *ph>), théng lugng cua birc xa hoat dong quang hop (iPAR) ¢ thoi diém thu nhan anh, va ning
sudt lugng tir cia huynh quang () [15]:

F = Chl.(a}y).iPAR. ¢ (1)

Phuong trinh (1) néu bat nhitng phu thudc co ban cua phat xa huynh quang cam ung Mat Troi,
nhung cac yéu td bd sung khac can phai duoc xem xét khi trich xuét tin hiéu huynh quang cua thuc
vat phu du tr anh vién tham.

Su phan bd huynh quang di¢p luc thuc vat phu du dai dwong md, toan cAu (Fsat) khi sir dung
cu thé 1a anh vé tinh Modis sau khi tinh iPAR, chung ta c6 phuong tinh (2) don gian hon:

Fsat Chlsat ( ;h)-(P-S (2)

Trong d6 S = 100 (mWem™ 2 pm™ s~ ! m); Chlsat 1a ndng d6 chét diép luc ¢ 16p bé mit trich
xuét tir vé tinh Modis.

Hinh 1: Ham lwong phit du diép luc (chlorophyll-a) dwoc trich xudt tie vé tinh Modis

Pé thu dugc tin biéu huynh quang diép luc tir anh vién tham mau dai duong, can tinh do cao
duong huynh quang d€ loai bo anh huong cia tan xa nguoc va tan xa Raman [16], vi du cho anh
Modis, trudce hét tinh Fgy tir 3 budce song 678 um, 667 pm, va 748 um:

Fsat = Lwn(678) — 2 Lyn(667) — — Ly (748) (3)

Trong d6 Lww (L) 1a buc xa ro1 khoi mat nude ciia bude song A dugc chuan hoa, c6 don vi 1a
[mWem 2 sr]. Sau d6, tinh birc xa huynh quang hay goi 1 d6 cao dwong huynh quang Lw, r(07,678)
duoc xac dinh:

b ooy _ g Ea(0%678) (4)
LW f(O 678) - sat Fy (678)

Ky hiéu 0 14 biéu dién dai lugng & ngay phia trén bé mit nude ciia bude song A cu thé. Eqla
thong lugng birc xa mét tro1 di xudng truc tlep tiép can t6i bé mat nude, Fo 1a ning luong birc xa
mit troi & dinh khi quyén cta budc song cu thé. .

Su c6 mét cua birc xa huynh quang tir 16p nudc phia dudi bé mat gitra d0 sau zi va z 1 + a, dugc do

& dai phat xa (Aem) 1a:
700nm ( 5)

ALy (21,42, Aom) = = ij J —aph(z NE(07,)e KAD2q)dz
+A4z v 4

00nm
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Trong d6: K(z, ) [m '] — hé s6 suy giém 4nh sang trong mo trudng nudc; apn(z, 1) [m '] — hé
s6 hap tu birc xa ctia phu du; Eo(07,1) [Wm 2 nm '] - luong chiéu xa (tir Mt Troi) ngay dudi bé mit
nude; Cr [nm] —la ty 1€ nghich ddo cua cac photon huynh quang tai dai song phat xa dugc phat hién
xung quanh Aem $0 vOi pho huynh quang toan phan; ¢ 12 ning suit lugng tir cua huynh quang (tong
s0 photon huynh quang trén moi photon hap thu); A/hc — tham s chuyén déi Eo(0",4) v€ don vi
luong tir [m 2 s nm™! ], theo [6,10]; 47 — hang so giai thich ring huynh quang 1a dang huéng. Pon
vi ciia AL w, ¢ (21, Aem) 12 don vi luong tr [m 2 s nm™].

Anh sang huynh quang bi suy giam trén du:(‘mg di dén bé miat nude v6i hé s6 suy giam khuéch
tan, ki (Aem). Tich hop doc theo dd sdu z s& 13 tong luong anh sang huynh quang [17,18], ching ta
nhan duoc:

700 A 1 (6)

L (07, Aem) = 2 yrd IO he (K +rGom) apr(DEe (07, )dA
Luong buc xa huynh quang roi khoi nude di vé dau thu cam bién trén vé tinh, Ly ¢(0+, Aem)
dung bang luong birc xa huynh quang ngay bén dudi mit bién, Ly ¢ (0-, Aem), truyén qua giao dién
mit phan cach giita khong khi-bién (air-sea interface):
Ly (0%, Agpy) = 0 Aem) (7)
Trong d6 ny 1a chi sé khiic xa clia nudce bién va t 1a tham sb truyén birc xa theo phuong thién
dia (nadir) trén mit bién.
Téng luong birc xa theo (6) va (7) s& dung bang luong birc xa cua (4), vi du cho anh vé tinh
Modis ¢ budc song phat xa (678 nm). Tir ddy ta sé& tinh dugc nang suit luong tir gsat:
" 4mng, Cr E;(0%,678)F,q: (8)
S8t = 1F,(678) (700 A 1 _
0(678) Jros T R T(679) apn(A)Eo(0~, )dA
Phén trinh bay trén day cho ching ta thy rang duéi tac dong ciia ngudn ning luong chiéu xa
Mat Troi, cac sinh vat phu du ¢6 cau tao don bao song 6 16p nudc mat ¢ do sdu z (m) sé hép thu va
thyc hién trao doi chat dé ton tai va phat trién. Trong qua trinh do, chung phat ra anh sang huynh
quang. Luong ning lugng anh sang huynh quang “chui” khoi mit nude va duoc dau cam bién vé
tinh “bat” dugc. Dac trung cho céc loai sinh vat phu du 1a sinh vat phu du di¢p luc (chlorophyll-a).
Loai sinh vat pht du bién rat nhay cam voi moi trudng, vi vay khi méi trudng nudce bi 6 nhiém (vi
du phong xa) thi kha nang hap thy birc xa mat troi s& bi suy giam kéo theo lwgng huynh quang phat
ra riing bi suy giam, va tin hiéu pho birc xa trén anh vé tinh cung suy giam theo. Sur dung dac diém
nay, phu du diép luc co thé duoc coi 1a d6i tugng dé giam sat chat lugng nude bién.
2.2. Sw hdp thu birc xa Mt troi ciia thwc vt phi du diép luc
Hai vé tinh cho méi trudng bién ching ta co thé sir dung trong thyc té hién nay nhim giam
chi phi 14 anh vé tinh Sentinel-3 OLCI va anh vé tinh Modis Aqua nham tinh lugng birc xa ma phu
du diép luc hép thu trong viéc theo doi trang théi 6 nhiém nudc bién. Luong btric xa dugc hép thu
boi phu du diép luc ARP duoc viét dudi dang tong quat sau:
700 z (9)
ARP = f faQ(A)EO(/l, z)dzdA
400 © )
Trong d6 ay(A) 1a hé so hap thu cua phu du, E — buc xa chiéu xa cua Mat Troi, z — do sau
16p nude mit. Pai luong Ey(2) c6 mbi quan hé:

Ey(2) = E (2) N E,(2) (10)
ua(z)  py(2)
Voi
Eq(z) = E4(07)e %% E, (2) = E, (07 )e™™v” (10a)
Va
Kq = (a+ by)/pa, Ky = (@ + bp) /1ty (10b)
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Trong do: Kilah¢ s6 suy giam khuyéch tan di xubng (i= d) vadilén (i=u); Ei—buc xa chiéu
xa di xudng (i = d) va di 1én (i = d); a, bb — hé s6 hip thu toan phan va hé s6 tan xa nguoc toan phan;
fi; (i = d,u) — cosin trung binh ctia goc thién dinh Mat Troi tng véi chiéu xa di xudng va di 1én. 0-
- dai luogng dugc tinh ngay ¢ dudi bé mit nudc.

Sau khi thé (10), (10a), (10b) vao (9) va tinh tich phan, ching ta nhin duoc cong thirc cudi cing &
dang tong, vi du cho anh Modis tng v6i 6 kénh anh & dai phd kha kién, (voii=l, 2, ..., 6) va do
sau z = 685 mm:
6
_ L [1m e (A)zes | 1 - eTMu(A)zgps] (1)
ARP Z a9 (A)Wa (1) Ea(he, 0 Iwea(8) | == 55 =)
Trong d6: wag — ham trong s6 ctia hé b hap thy ctia phit du; wrd - ham trong sd ctia bire xa
chiéu xa di xudng; R (A) — gia tri phan xa cta chiéu xa va duoc tinh theo cong thirc:
)= R Qn2 (12)
*[1=p@I[1 - p(Osar)]
Trong d6: R, — phan xa vién tham; Q — hé sd; nw — hé s6 khiic xa ctia nude bién; 6 va 6,4,
— Goc thién dinh Mat Troi va goc thién dinh vé tinh.

Pé tinh Ed (0 -) cho budce song A bat ky tir cong thirc (10a) can c6 Ed (0+) ttc 1a birc xa chiéu
xa (cta Mat Tr0’1) di xubéng ngay bén trén bé mit nude, gdbm 2 thanh phan 1a birc xa chiéu xa truc
tiép (dd) va khuyéch tan (ds):

Eq(4,07) = Egq(A,07)(1 — pg) + Eqs(2,07)(1 — ps) (13)

Trong d6: pg va ps 12 phan xa bé mit bién tryc tiép va phan xa bé mit bién khuyéch tan va
duoc xac dinh:
{Pd = Pasp T Pr (13a)
Ps = Pssp t Py

V6i pasps Pssp — phan xa guong tryuc tiép va phan xa guong khuyéch tan dugc tinh theo dinh luat
Fresnel; ps — phan xa bot song bién, phu thude vao van tde gio W.

Thanh phan Eg4 (4, 0%) tir (13) 1a thanh phan chiéu xa tryc tiép di xudng tir Mt Troi duoc
xéc dinh theo biéu thtrc sau [18]:

Eq(1,0%) = Fy cos(6) H T, (14)

Trong do: Fo 1a luong chiéu xa ¢ dinh khi quyén ng voi bude song A, 6 — goc thién dinh mat
troi; Ti 1a cac tham s truyén buc xa trong khi quyén cua cac thanh phan i khi quyeén.

Thanh phan Ez5(2,0%) tir (13) 1a thanh phéan chiéu xa khuéch tan di xudng tir Mt Troi duogc
xac dinh theo biéu thirc sau:

Egs(A,09) =1+ 1, + 1, (15)

Trong do: I;; 1,; Iy —1a cac thanh phan khuyéch tan cta cua birc xa chiéu di t6i mat bién xuat
hién boi tan xa phan tir khi khi quyén, tan xa do sol-khi va da twong tac gitta bé mat va khong khi.
Thanh phan thtr 3 trong (15) trong thyc té bang 0.

Trén day 1a tom luoc nhitng thuat toan co ban dé tinh luong buc xa hip thy ctia phi du ma nd
sir dung dé trao doi chat trong qué trinh t6n tai va phat trién gan lién véi hién tuong huynh quang
ma dau cam bién trén vé tinh thu nhan dugc. Su thay doi luong buc xa hép thu ctia phu du cho mot
don vi khoi luong xéc dinh trén mdt don vi dién tich pixel anh s& cung cép cho chung ta biét duoc
moi trudng ¢6 bi 6 nhiém khong.

Vlen tham la cong ngh¢ gian tiép giam sat phat hién su bat binh thuong ctua moi truong, vi
vay can ¢ sb liéu ngoai nghiép bd tro. Cu thé, can c6 cac mau nudc bién thu thap & mot s diém
ma ching ta quan tim va duoc xur Iy do trong phong thi nghiém nho cac thiét bi chuyén dung dé
phat hién 6 nhiém nudc 1a do chat phong xa hay cic ngudn 6 nhiém khac. Vién tham s& thuc hién
tham chiéu tir bt xa anh sau khi da dugc xur 1y ddi véi s6 lidu thuc dia. Trén co s& d6 chiing ta co
thé 1ap ban d6 phan b6 khong gian 6 nhiém theo dinh lugng trén mdi pixel anh. Day 1a nhiing dir
lidu sat thoi gian thuc khi ching ta sir dung vé tinh ¢6 d6 phan giai thoi gian ngan nhu vé tinh Modis.
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Duéi day 1a so dd minh hoa tom tat quy trinh giam sat 6 nhiém chat phong xa trong nude bién bang
tich hop cong nghé vién tham va s liéu quan tric thuc dia (hinh 2):

Dit liéu anh vién tham

A 4
X Iy ky thuat anh vién tham (loai bo tin hiéu
nhiéu do méi trrong, chiét tach birc xa vién tham
o1 khoi nwde vé dau thu,...)

h 4

‘ Trich xuét ham lugng phti du diép luc (Chl-a) ‘

A4

‘ Trich xuit ham lwgng birc xa huynh quang ‘ ‘ Sé liéu quan tric thuc dia

| GIS |

‘ Ham hrong nhiém phéng xa cia nude bién ‘

Hinh 2: So @6 minh hoa tém tdt quy trinh 1 giam sat 6 nhzem chatphong xa trong miede bién bang tich hop cong nghé
vién tham va sé liéu quan trdic thue dia

3. Két luan

Bai bao dé xuat mot phan vé phuong phap giam sat 6 nhiém phong xa méi truong bién két
hop véi s6 liéu quan tric thuc dia trén tin hiéu huynh quang do phu du phat ra trong qua trinh hap
thu nang lugng anh sang Mt troi. Loi thé ctia phuong phap 1a: c6 thé sir dung mién phi anh vé tinh
vé bién va dai duong ctia My va EU két hop véi anh vé tinh ciia Viét Nam; quy m6 giam sat rong
va sat voi thot gian thyc; lam chu duge phuong phap va cac thuat toan can thiét dé xay dung phan
mém doc 1ap; dbi tuong nghién ctru sir dung la thuc vat phu du diép luc c6 do nhay cao d6i voi su
thay d6i ciia méi truong bién va dai duong. Nhom tac gia s& tiép tuc nghién ctru thir nghiém phuong
phép tai khu vuc vinh Bic Bo va sé kiém chuing, danh gid do chinh x4c trong bai bao tlep theo.
Cam két ciia céc tac gia

Tt ca cac tac gia co tén trong bai bao cam két sy dong thuan va khong c6 xung dot loi ich
trong cong bd khoa hoc tai bai bao nay.
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Nghién ctru img dung tri tu¢ nhan tao theo doi bien dong 16p phi sir dung dat
khu vue quén Bac Tir Liém Ha Ngi giai doan 2019-2023
Db Lan Phuong'*, Hoang Thi Thay?, B Nhu Hiép?
ICyc Vién tham Quéc gia, sé 79 Van Tién Diing, Bac Tir Liém, Ha Néi, Viét Nam
’Truong dai hoc M6 - Dia chat, sé 18 Phé Vién, Bdc Tir Liém, Ha Néi, Viét Nam
3Trwong dai hoc Tai nguyén va Méi trwong Ha Néi, s6 41a Phii Dién, Bdic Tir Liém, Ha Noi, Viét Nam
Email tac gia lién hé: phuongdolan264@gmail.com

Tom tat:

Tri tué nhan tao hién nay da va dang dwoc g dung rdt hiéu qua trong nhiéu linh viec. Pa c6 nhitng nghién
cteu sir dung cdc thudt todn hoc may dé phan loai 16p phii sir dung ddt tie anh vé tinh Nghién cieu nay sir dung Al véi
thudt hoc mday Random Forest déphdn logi, giam sat cac lop phu bé mdt sir dung ddt tir anh vé tinh Sentinel-2 tai
khu viee qudn Bdc Tir Liém, Ha Ngi giai doan 2019-2023. Két qua ciia nghién ciru dd cho thdy suy giam dién tich
cua 16p thuc phu Thuc vat day la 5.32%, nguoc lai, sau nam 5 dién tich khu vuc dan cw tang 5.27% twong dwong
232.80ha..

Tir khéa: Lop phii sir dung dat, Tri tué nhén tao, Google Earth Engine, Thudt todn RF.

Ngay nhan bai: 15/02/2024 Ngay stra lai: 03/03/2024 Ngay chip nhan ding: 08/03/2024  Ngay xuét ban: 30/03/2024

Application of Artificial Intelligence to monitor changes in land use

in the Bac Tu Liem District area, Hanoi, during the period 2019-2023
Do Lan Phuong!®, Hoang Thi Thuy?, Do Nhu Hiep?

INational Remote Sensing Department, No 79 Van Tien Dung Road, Bac Tu Liem District, Ha Noi, Viet Nam
2Hanoi University of Mining and Geology, No 18 Pho Vien Street, Bac Tu Liem District, Ha Noi, Viet Nam
SHanoi University of Natural Resources and Environment, No 41a Phu Dien Street, Bac Tu Liem District, Ha Noi,
Viet Nam
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Abstract:

Artificial Intelligence is currently being applied with great effectiveness in various fields. There have been
studies utilizing machine learning algorithms to classify land use, land cover from satellite images. This research
employs Al with the Random Forest machine learning algorithm to classify, and monitor land use, land cover from
Sentinel-2 images in the Bac Tu Liem District, Hanoi, during the period 2019-2023. The results of the study have
indicated a decrease of 5.32% in the area covered by dense vegetation, while, conversely, the residential area has
increased by 5.27% equivalent to 232.80 hectares after 5 years.

Keywords: GIS, Land use, Land cover, Artificial Itelligence, Google Earth Engine, RF algorithms.
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1. Mé dau

Cong nghé vién tham va hé thong tin dia 1y da va dang phat trién rat manh, cac phuong phap
phan tich, d4nh gia vé bién dong sir dung dét, vé do thi hoa ciing ngay cang trd nén thuan tién va c6
hiéu qua [1].

Trudc day da co nhitng nghién ciru sir dung mot sb thuat toan nhu Maximum Likelihood
Classifier (MLC), Minimum Distance Classifier (MDC), K-Nearest Neighbor (KNN), Support
Vector Machine (SVM), Random Forest (RF) va Classification and regression tree (Cart) [2-5] dua
trén cac phan mém thuong mai chuyén dung dé phan loai 16p phti bé mit dat tir anh vé tinh, mot s6
nghié ctru nay c6 thé ké dén nhu cua cac tac gia Talukdar ndm 2020, Szuste nam 2011 [6, 7]. Cac
hé théng phan mém nay da chimg minh dwgc hiéu qua ctia minh, tuy nhién tén kém kinh phi cho
viéc thué, nua cua cac don vi s& hiru ban quyén.

Hién nay, d4 c6 nhiing nghién ctru trén thé gidi sir dung cac thuat toan hoc may dé phan loai
16p phit nhu 13 ctia Swetanisha nam 2022 [8] Tai Viét Nam trong nhitng nim gan déy ciing c6 mot
sO nghién ctru da ing dung tri tué nhan tao (Artifical Intelligence - AT) dé phéan loai 16p phu sir dung
dat tir di li¢u anh vé tinh, c6 thé ké dén nhu nghién ctru cua tac gia Dang Thanh Ting ndm 2023
[9]. Hodc nghién ctru ctra tac gia Nguyén Thi Huyén Trang va cOng su cling da st dung thuét toan
hoc may SVM dé phan loai, xac dinh céc 16p phu str dung dat tai khu vuc Bac Tir Liém Ha Noi nim
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2023 [10]. Két qua cua cac nghién ctru ndy da stir dung thuét toan hoc may dé phan loai dugc mot
s6 16p phu bé mat cua khu vue nghién ctru, tuy nhién dé ning cao hiéu qua hon nita can c6 két qua
phan tich ctia nhiéu ndm lién tuc dé theo ddi, giam sat bién dong 16p phu sir dung dit theo céc giai
doan khac nhau.

Ngoai ra, mot trong nhiing nén tang tng dung hitu ich khac co thé ké dén nhu 13 Google Earth
Engine (GEE), ddy 13 nén tang dit liéu dién toan dam mAy, c6 kha ning xir Iy dir liéu vién tham
online d4p tng kip thoi cac yéu cu cung cip thong tin, dit liéu phuc vu cong tac giam sat bién dong
str dung dat [11].

Nghién ciru ndy sir dung dit liéu anh vé tinh Sentinel-2 dwoc xir 1y truc tuyén trén nén tang
dién toan dam may cua GEE véi ngdn ngit 1ap trinh Javascript dé tinh toan, phan tich két qua. Day
ciing 12 wu diém 16n va 1a xu thé dang phat trién manh trong thoi ky cong nghé 4.0. Thuat toan RF
la thuat toan hoc may (Machine Learning) dya trén mo hinh Al dugc st dung dé thuc hién viée tu
d6ng hoa va ning cao hiéu qua trong viéc phan loai, theo ddi bién dong cac 16p phu st dung dat trén
dia ban quan Bic Tur Liém Ha Noi, giai doan 2019-2023.

2. Khu vue va dir liéu nghién ciru

2.1. Khu vyc nghién ciru

Quan Bic Tir Liém nam cach trung tdm thanh phd Ha Noi 10 km vé phia tay, co dia hinh bang
phang, d6 cao so v&i mat nude bién trung binh khoan tir 6m dén 8m. La khu vue c6 nén dia chit 6n
dinh, khi hau chiju anh hudng cta ché d6 gié mua nhiét d6i nong 4m, mua nhiéu, mia mua tir thang
5 dén thang 10, mua kho tir thang 11 dén thang 4, nhiét do trung binh 24°C, lwong mua trung binh
nam khoang tir 1600mm dén 1800mm, d6 4m cao. Khu virc c6 nhiéu song, ho 1a ngudn du trit nude
ngot cho dia phuong [12].

Quan c6 dién tich 45,24 km?, dan s nam 2020 1a 340.605 ngudi, mat do dan so dat 7.529
ngudi/km? [12]. La quan dugc thanh lap thang 12 nam 2013 dang c6 tdc do phat trién va do thi hoa
nhanh, kém theo d6 1a cic bién dong vé quan 1y, sir dung dét trén dia ban [13].
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Hinh 1. Vi tri khu viee nghién cieu

2.2. Dit ligu nghién cwru

Anh vé tinh Sentinel-2 bao gdm Sentinel-2A va Sentinel-2B do co quan hang khong vii tru
Chau au quan ly, thuc hién. Dir 1iéu c6 d§ phan gidi thoi gian 1a 5 ngay, do phan giai khong gian &
kénh toan sac 1a 10m. Dit liéu anh nay c6 do phan giai birc xa cao dugc luu gitr & mirc d6 12 bit. Do
d6, diéu nay dem lai kha ning phan biét mtrc d6 sang trén anh c¢6 pham vi tiém nang tir 0 - 4 095.

24



Magazine of Geodesy — Cartography Tap chi Tric dia - Ban d6
Vol 10, N° 01 (03/2024), ISSN: 2615-9481 S6 10, Tap 01 (2024), ISSN: 2615-9481

Pé dam bao chit luong cua anh v¢ tinh quang hoc Sentinel-2 dugc tdt nhat c6 thé cho khu
vuc, nghién ctru da lya chon thu thap dit li¢u 1a anh dugc téng hop tir cac anh Sentinel-2 thu nhan
trong thoi gian gitra mua khé khoang tir thang 1 dén thang 3 hang nim trong giai doan 2019-2023.
Do phu may cta cac anh tham gia xtr ly dir licu dam bao dudi 5%.

3. Phuwong phap nghién ctru

Nghién ctru sir dung anh v¢ tinh Sentinel-2 lam dir liéu dau vao dé tinh toan, phan loai 16p phu
sir dung dat. Cac dit liéu anh da dugc lya chon tong hop 1a nhitng anh c6 do phu may thap, va su
dung thuit toan hoc may RF trén nén tang dién toan dam may GEE dé phan loai anh, két hop voi
phan mém ma ngudén md QGIS phan tich theo ddi bién dong 16p phu sir dung dat. Khu vuc Bic Tir
Liém duoc lya chon thtr nghiém phan loai v6i 5 16p phu sir dung dat bao gém: 1) 16p pha Pét trong,
2) 16p phu Mt nuéc, 3) 16p phu Thyc vat day, 4) 16p phu Cay bui, tham c6, 5) 16p phu Dan cu. Cac
16p phu dugc lya chon dé phan loai 13 hién trang tai thoi diém thu nhan anh. Pic diém cua 16p DAt
trong duoc lua chon 1 cac khu vuc nhu bai dét, cat, bai bdi, khu vuc dang san lap, céc khu vuc dat
dang chuan bi xay dung. Lép phit Mt nude gdm cac khu vuc ao hd, song sudi, kénh muong. Lép
phu Thuc vat day bao gdm nhitng khu vuc c6 cdy cdi day dic, cay 16n, cdy c6 bong mat. Lp phu
Dan cu gdm cac cong trinh xdy dung doc 1ap, va cac khu vuc nha cira, cong trinh xay dung tai lang
mac, khu chung cu, cic toa nha cao tang. Viéc thuc hién phan loai cac 16p phu sir dung dat dugc
thuc hién tu dong dua trén viée 18p trinh bﬁng ngon ngir 1ap trinh JavaScript.

Quy trinh thyc hién tuan tu theo cac bude 1an lugt bao gém: Trich xuét dit liéu anh vé tinh Sentinel-
2 ctia khu vue nghién ciru; Tién xur 1y dit liéu anh dam bao c6 dir liéu tot nhat c6 thé; Tién hanh viéc
tao mau, huin luyén dé cho chuong trinh hoc va ghi nhan céc thong tin vé cac mau cho tung loai
16p phu; Phan loai cac 16p phii theo mau da huan luyén; Thu nhan két qua va danh gia 6 chinh xac
phan loai; Theo doi, phan tich bién dong. Hinh 2 minh hoa téng quan quy trinh thyc hién nghién
cuu.

Anh vé tinh Sentinel-2

Tién xtr Iy
v

Lay mau

'

Huan luyén

v

Phan loai theo RF

v

Danh gia d¢ chinh xac

v

Két qua sau phan loai

[ Theo ddi, phan tich bién dong ]

Hinh 2. So d@6 quy trinh nghién ciru
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3.1. Thudt toan RF

Thuat toan RF két - hop cac tinh nang ngiu nhién dé tao ra mot cay. Pay 1a mot thuét toan hoc
may c6 thé tich hop nhiéu cay quyet dinh va sau d6 tao thanh mot khu rimg. Phuong phap dong bao
duogc st dung dé tao cac mau huan luyén va mdi tinh ning di chon duoc rit ngau nhién bang cach
thay thé N kich thudc cua tap huin luyén ban dau. Sau d6, két qua dy doan cudi cung thu dugc bang
cach két hop nhiéu cay quyét dinh [14]. Cong thirc (1) thuc hién quyét dinh phan loai cudi cing nhu
sau:

H(x)=argmaxY)}'i=1kIl(hi(x)=Y) (1)

Trong d6 H(x) 1a mo hinh két hop, hi 14 mé hinh phan loai ciia cay quyét dinh don I¢, Yla bién
dau ra (hodc bién muc tiéu) va / () 1a ham chi bao. Cong thirc cho thay rang RF sir dung da sb cac
quyét dinh biéu quyét dé xac dinh phan loai cudi cung.
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Hinh 3. M6 hinh phdn loai theo thudt todan RF

Thuat todn RF dugc danh gia cao bdi tinh chinh x4c ciia mo hinh. Céc tham s6 diéu chinh cua
thuat toan RF 1a sd luong cay thuong duoc chon theo kinh nghiém. Trong cac bai todn phan 16p di
liéu thi thuat toan RF duogc sur dung phé bién. Nhuoc diém chinh cua thuat toan RF 1a khéi luong
tinh toan 16n. Mic du khéi lugng tinh toan 16n nhung ciing c6 vu diém 1a toc do xir 1y twong d6i
nhanh [15, 16]. Nghién ciru str dung ngén ngit 1ap tinh Javascript dé tinh toan, xir Iy dit liéu va phan
loai anh cac 16p phu st dung dét tir dir liéu anh vé tinh Sentinel-2 trén nén tang dién todn ddm may
GEE tir d6 dua ra két qua cua 5 loai 16p phu sir dung dat trén dia ban quan Bic Tur Liém, Ha Noi.

3.2. Danh gia dp chinh xdc phdn logi dnh

Nghién ctru nay sir dung ma tran sai 1an (Confusion Matrix) dé danh gia do chinh xac phan
loai cac 16p phit sir dung dat. Pay 1a phuong phap quan trong va phd bién dugc sir dung dé danh gia
d6 chinh xac, c¢6 thé mo ta do chinh xé4c cia phan loai va chi ra su nhém 1an giita cac 16p d6i tuong
[17]. Cac thong ké co ban cho ma tran nham 1an bao gém: Sai s6 tong thé (Overall Accuracy - OA)
va hé s6 Kappa. Trong d6 hé sb Kappa co gia tri tir 0.4 dén 0,6 dugc danh gia la dat két qua trung
binh, gié tri tir 16n hon 0.6 dén 0.8 1a t6t va hon 0.8 dén 1.0 1a rat t&t [16]. Trong d6 st dung 70%
s6 lwong mau dung dé phan loai anh va 30% s lwong mau dung dé kiém tra danh gia [18].

3.3. Phan tich, theo doi bién dong cdc 16p phii siv dung dit

Két qua cac 16p phu st dung dat tir viéc phén loai anh vé tinh tai khu vuc nghién ciru duoc sir
dung 1am dir liéu dau vao dé phén tich, theo dai cac bién dong tai khu vyc trong giai doan 2019-
2023. Viéc phan tich, theo doi b1en dong 16p phu st dung dat duoc thuc hién véi phan mem ma
nguon méi QGIS. Pay 1a phan mém mién phi hién dang dugc str dung phd bién trén toan cau, nhat
1a d6i v6i cac linh vue nghién ciru va Gng dung trong nganh khoa hoc trai dat [19]. Cac 16p dit liéu
dugc tinh toan tong hop va tién hanh chong xép khong gian dé tim ra cac thay ddi qua timg nim va
thay d6i tong thé cua ca giai doan 5 nam tir 2019 dén 2023.
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4. Két qua nghién ctru va thao luin

4.1. Phén logi cac lop phu sir dung dit.

Két qua phan loai bao goém 5 16p phu str dung dat cua ting ndm theo giai doan 2019-2023.
Nghién ctru di cho thay su bién dong rd rét cua cac 16p phu st dung dat tai khu vuc nghién ctu
trong giai doan 2019- 2023. Hinh 4 thé hién san phdm céc 16p phii bé mit sau phan loai tai khu vuc
nghién ctru. Cac két qua chi tiét ciia cac 16p phu st dung dét trong bang 1 tai khu vuc Ha Noi cho
thdy rang trung binh trong 5 nam tir 2019 dén 2023, 16p Dat tréng chiém 8.40%, Mt nudc 41.31%,
Thyc vét day 22.65%, Cay bui, tham c6 13.01%, Dan cu 14.64% so voi téng di¢n tich ty nhién.
DPong thoi, ket qua cling thé hién c6 su ting, giam khac biét qua timg nam, diéu nay ciing thé hién
thuc trang vé st dung dat co su thay 601 khac nhau phu thudc nhiéu yéu to trong do c6 cac yéu to
anh huong cia tde do phat trién kinh té x3 hoi tai dia phuong, nhét 1a nhu cau phat trién khu vuc dit
xay dung trén dia ban nghién ctru.
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Hinh 4. Két qua phan loai I6p phii giai doan 2019-2023 tai qudn Bdic tir Liém, Ha Ngi
Bdng 1. Dién tich cdc 16p phi sir dung dat giai doan 2019-2023

Dién tich 16p phii (ha) | Nim 2019 | Nim 2020 | Nim 2021 | Nim 2022 | Nim 2023
Pit trong 265.06 301.51 322.28 362.78 334.29
Mt nude 2000.45 1959.87 1900.11 1834.64 1860.03
Thyec vét day 1182.99 1161.63 1127.21 1013.36 947.72
Cay bui, tham co 532.90 538.91 548.49 596.73 606.56
Dan cu 436.94 456.38 520.22 610.83 669.74

Vi¢c phan loai cac 16p phu stir dung dat tir anh vé tinh Sentinel-2 tai khu vuc quan Béc Tu
Liém, Ha Noi bao gom 16p phu Dt tréng, 16p phu Mit nudc, 16p phu Thuc vat, 16p phii Dat xay
dung cho théy tung khu vuc dugc phan loai 10 rang, véi do tin cady dam bao. Cu thé do chinh xac
phan loai theo Ma tran sai 1an da dua ra hé ) Kappa voi gid tri 0.75, 0.72, 0.83, 0.77, 0.75, d0 chinh
xéc tong thé OA dat 0.83, 0.80, 0.87, 0.84, 0.83 twong tng lan luot theo cac ndm 2019, 2020, 2021,
2022, 2023. Cac két qua danh gia d chinh xac phan loai nay 14 twong ddi cao, do d6 du d¢ tin cay
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dé sir dung cho cac phan tich, theo ddi bién dong st dung dit trong giai doan 2019-2023 tai quan
Béc Tir Liém, Ha Noi.

4.2. Bién dpng I6p phii sir dung dit 2019-2023

Bang 2 thé hién két qua bién dong dién tich cua ting 16p phu st dung dt tai khu vire nghién
ctru theo timg nam tir 2019 dén 2023. Cac két qua cho thay rang 16p c6 xu hudng ting dién tich la
16p Dit tréng, 16p Cay bui, tham co, 1ép Dan cu. Trong khi d6 cac 16p Mit nude, 16p Thuc vat day
c6 xu hudng gidm dién tich che phu.

Bdng 2. Bién dgng dién tich cdc 16p phii sit dung dat giai doan 2019-2023

Chénh léch dién tich 16p phu (%) | 2020-2019 2021-2020 2022-2021 2023-2022 2023-2019
Pt tréng 0.83 0.47 0.92 -0.64 1.57
Mait nuée -0.92 -0.14 -1.48 0.57 -3.18
Thuc vat day -0.48 -0.08 -2.58 -1.49 -5.32
Cay bui, tham c6 0.14 0.02 1.09 0.22 1.67
Dan cu 0.44 0.14 2.05 1.33 5.27
Bién dong dién tich 2019-2023
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Hinh 5. Biéu do bién dong cdc I6p phii sir dung dat tai qudn Bdc Tir Liém, Ha Noi

Nghién ctru da cho thay su bién dong rd rét ctia cac 16p phu sir dung dat tai khu vuc nghién
ctru trong giai doan 2019- 2023. Hinh 5 1a biéu d6 thé hién su bién dong dién tich cac 16p phu bé
mat sau phan loai tai khu vuc nghién ctru theo thuat toan RF. Két qua giam sat bién dong 16p phu
mat nudce giai doan 2019-2023 tai khu vuc Bac Tir Liém, Ha Noi cho thiy rang ¢ su suy giam dang
ké vé dién tich 16p pha Thuc vat day va 16p Mit nudc qua timg nam tai quan Bac Tir Liém, Ha Noi.
Cu thé, sau khoang 5 ndm tir 2019 dén 2023 phat trién, 16p Mt nude c6 dién tich giam 3.18% tuong
duong khoang 140.42 ha. Lop Thuc phu day giam 235.27 ha tuong tng giam 5.32%. Cac 16p cé
dién tich ting trong giai doan nay 14 16p Dat trong, 16p Cay bui, thim c6, 16p Dan cu véi dién tich
tang twong ung 14 69.23ha (1.57%), 73.65ha (1.67%), 232.80ha (5.27%). Cac 16p phu st dung dat
c6 sy ting giam khac nhau theo timg nam, tuy nhién nghién ciru di chi ra ring 16p Dén cu co xu
huéng ting lién tuc nhat 1a trong thoi gian tir ndm 2021 dén 2022 di ting 2.05% twong dwong
90.61ha va nam 2022-2023 ting 1.33% twong dwong 58.92ha. Diéu nay ciing phil hop véi su phat
trién chung vé kinh té xa hoi ctia khu vuc nghién ctru.

5. Két luan

Cong ngh tri tu¢ nhan tao, thuat toan hoc may RF sur dung trong nghién ctru da cho thay hiéu
qua vé viéc phan loai cac 16p phu sir dung dat trén dia ban quan Bic Tir Liém dugc nhanh chong va
¢6 do tin cay cao. Két qua bién dong trong giai doan 2019-2023 cho thiy su gia ting lién tuc hang
nam vé dién tich cta 16p phit dan cu, sau 5 nam dién tich da ting 5.27% tuong duong 232.80ha.
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Nguoc lai 1a xu hudng suy gidm dién tich mgt cach ro rét cua 16p phu Thuce vat day dac voi muace do

giam dién tich sau 5 nam 1a 5.32% tuong duong 235.27ha.

Dé c6 nhimg két qua chuyén sau hon ciing nhu c¢6 d6 tin cdy cao hon nira, cin bd sung céc
nghién ctru chi tiét, khao sat thuc dia va cac tai lidu so sanh d6i chimg & nhimg nghién ctru tiép theo.
Tuy nhién, két qua nghién ctru nay c6 thé c6 kha ning sir dung tham khao cho cong tac quan ly dat
dai, giam sat tinh hinh st dung, thuc hién quy hoach str dung dét tai dja ban nghién ctru.

Loi cam on

Nhom tac gia xin trn trong cam on Cuc Vién tham Qudc gia, Bo Tai nguyén va Moi truong
da hd tro nghién ciru nay, dong thoi ciing xin cam on cac co quan, t6 chirc qudc té nhur Google Earth
Engine, National Aeronautics and Space Administration (NASA), Chuong trinh Copernicus cua
Co quan hang khong vil tru chau Au (ESA) d3 cung cip nén tang xir 1y va cung cip dit liéu anh vé
tinh Sentinel-2 mién phi cho nghién ctru nay cta ching ti.

Cam két clia cac tac gia

TAt ca cac tac gia c6 tén trong bai bao cam két sy dong thuan va khong c6 xung dot loi ich
trong cong bd khoa hoc tai bai bao nay.
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Xac dinh chénh léch dj cao giira hai diem bang dong ho nguyén tir, mgt thi nghiém tai Vii Han
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Tom tat:

Cdc ttng dung ciia trdc dia twong doz tinh (relativistic geodesy) ngdy cang dwgc cac nha khoa hoc quan tam
va nghién cvu khai thac. Nhleu nghién ciru vé trdc dia twong doi tinh da thu dwoc nhiing két qua rat kha quan trong
cdc linh viee do dac yéu cau dé chinh xdac cao nhu trac dia vé tinh, do dac vii tru, trdc dia trong lyc... Bai bao ndy
trinh bay két qua mét thi nghiém vé xdc dinh chénh cao gitta hai diém bang cdch so sanh tan sé cia hai dong ho
nguyén tir quang hoc, dwoc thiee hién tai Vii Han, Trung Quéc. Két qua cia thi nghiém da cho thay chénh léch giita
chénh cao xdc dinh bang phwong phdp so sanh tan sé dong hé va chénh cao xdc dinh bang phwong phép thity chudn
la ¢ murc centimet.

Tir khéa: Tric dia twong déi tinh, B cao chinh, Pong ho nguyén tir quang, So sanh tan sé. )
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Determining the height difference between two points using optical clocks, an experiment in

Wuhan
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Abstract:

The applications of relativistic geodesy are increasingly being studied and exploited by scientists. Many
studies on relativistic geodesy have obtained very positive results in measurement fields requiring high accuracy
such as satellite geodesy, space geodesy, gravity geodesy, etc. This study presents the results of an experiment on
determining the height difference between two points by comparing the frequencies of two optical atomic clocks, in
Wuhan, China. The experiment results showed that the difference between the height difference determined by the
clock frequency comparison method and the height difference determined by the leveling method was at the
centimeter level..
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1. Mé dau

Trong Trac dia, 9 cao chinh 1a moét dai luong quan trong, dugc sir dung nhiéu trong nghién
ctru khoa hoc, k¥ thuat cling nhu doi song hang ngay. O mot s6 qudc gia trén thé gidi, do cao chinh
dugc str dung lam co so cho h¢ do cao Nha nude [1]. Bg cao chinh co thé dugc xac dinh bang mot
sO phuong phap truyén thong nhu phuong phap thuy chuan hinh hoc, phwong phap do cao GPS két
hop s6 liéu trong lyuc [2],... Cac phuong phap nay déu c6 nhimg vu diém va nhugc diém riéng. Trong
nd luc nghién ctru dé phat minh cac phuong phap do dac mdi, cac nha khoa hoc di dé xuat mot
huéng nghién ciru ¢6 nhiéu trién vong, d6 1a ing dung trac dia twong doi tinh dé xac dinh do cao
chinh.

Tric dia twong dbi tinh dua trén thuyét twong ddi rong ctia Albert Einstein, cho rang: dong ho
dit tai diém c6 vi tri cao hon s& chay nhanh hon dong hd dit tai diém ¢ vi tri thip hon [3]. Nhu vay,
khi so sanh déng hd tai hai vi tri, chung ta hoan toan c6 thé xac dinh duge chénh léch do cao gitia
hai diém d6. Theo 1y thuyét do, c6 hai hudng tiép can da duoc cac nha khoa hoc nghién ctru. Hudng
tiép can thir nhat do Bjerhammar d& xuét, cho rang chénh cao giira cac diém co thé duoc xac dinh
bang cach so sanh téc do ctia mot déng hd nguyén tir tai cac diém khac nhau trén bé mit Trai dat
(got la phuong phap van chuyén dong hd) [4]. Mot hudng tlep can khac, dugc goi 1a phuong phap
dich chuyén tan s6 trong luc, cho rang su thay doi khi truyén tan sd gilra hai ddng ho tai hai vi tri
khac nhau the hién chénh 1€ch d¢ cao gifra hai diém do6 [5]. Da co nhleu nghién clru cla cac nha
khoa hoc vé nhimng tmg dung nhu vy cua ddng hd nguyén tir trong tric dia da dugc cong bd rong
rai [6-8]. Céc nghién ctru cho thdy, dé xac dinh d6 chénh 1éch d6 cao chinh voi d6 chinh xac 1 cm
chung ta can phai xé4c dinh d¢ 1€ch thoi gian hoac dd Iéch tan s6 & muc do chinh xac 1a 1 x 1078,
Tuy nhién, trong mot thoi gian dai, dd chinh xac ctua ddng hd 1a mot rao can 16n cho cac thi nghiém
dé ching minh 1y thuyét nay. Nhitng nim gan day, dong hd nguyén tir quang hoc xuat hién va lién
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tiép tao ra nhimg bude dot pha vé d6 chinh xac. Tir nam 2012 cho dén nay, cac d6ng ho co do chinh
xac 1077 @én 107'® da dwoc cac nha khoa hoc cong bd, cung cép nhidu tiém ning ing dung trong
Tréc dia [9].

Pé so sanh tan sb giita hai dong hd, chung ta ¢ thé so sanh tin hiéu déng hd truyén qua vé
tinh va tin hiéu dong hd dugc truyén thong qua soi cap quang két ndi giita hai dong hd. Trong cac
phuong phap do, phuong phap so sanh tin hi¢u ddng ho truyén qua soi cap quang dang co do chinh
xéc cao nhit vi no loai b duoc cac 16i anh huong do mdi truong. Nam 2020, cac nha khoa hoc Nhét
Ban da thuc hién mgt thi nghiém str dung dong hd quang hoc do chénh cao gitra hai diém dit trén
thap truyén hinh Tokyo, voi d6 chénh cao 1a 450 m. Két qua cho thdy chénh cao do dugc bing
phuong phép so sanh tan s dong hd chénh 1éch so véi cac phuong phap truyén théng & mirc 5 cm
[10].

Nghién ctru nay trinh bay két qua mot thi nghiém dugc thuc hién tai Vi Han, Trung Quéc.
Hai dong hd nguyén tir dugc so sanh voi nhau thong qua mot két ndi soi quang dai 100 m. Két qua
thi nghiém cho thay chénh cao thu duoc 1a 4.33 £ 0.11 m, twong xing véi gia tri chénh cao 4.34 £
0.03 m duoc xac dinh bang phuong phéap thuy chuin hinh hoc.

2. Dir liéu va phwong phap nghién ctru

2.1. Dir liéu nghién ciru

Thi nghiém dugc thyc hién tai Hoc vién ddi méi khoa hoc va do luong do chinh xéac cao, thudc
Vién han 1am khoa hoc Trung Qudc, tai Vii Han, H Béc, Trung Quéc [11]. Pong hd sir dung trong
thi nghiém 1a hai dong hd nguyén tir quang hoc Ca™ c6 do on dinh & mirc 1.3 x 10" (Hinh 1). Mot
ddng hd duogc dit cd dinh trong phong thi nghiém (C1), cai thir hai 14 loai ddng hd nguyén tir ¢6 thé
di chuyén dugc (transportable optical clock - C2), hai df)ng ho dugc ndi v6i nhau béi mot sgi quang
dai 100 m (Hinh 2). Dau tién, thyc hién so sanh hai dong ho tai cung mot vi tri dd cao va thu duge
dir liéu chénh 1éch tan sd tai vi tri nay. Tiép theo, dong ho c6 thé di chuyen duogc dat [én mdot xe
chuyén dung, luc nay vi tri cia n6 s& cao hon vi tri cii 1a 4.34 m (xac dinh bang phuong phap thuy
chuan hinh hoc) Tién hanh so sanh tan sb hai déng hd & vi tri chénh 1éch dd cao, thu duge dit lidu
chénh léch tan s tai vi tri nay. Qua trinh thi nghiém dugc mé ta trong H1nh 2.

Hinh 2. So' do thi nghiém: (a) Hai dong ho dat cing dj cao. (b) Hai dong ho chénh nhau 4.34 m.
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Trong két qua so sanh tan s thu duoc, ngoai sy dich chuyén tan sb do thé nang hip dan gay
ra con c6 sy dich chuyén tan sé gdy ra boi sai s6 ciia hé théng Viéc so sanh tan s6 dong hd tai hai
vi tri giap cho qua trinh xur ly s liéu co thé loai bo duogc sai s6 hé thong, chi con giir lai chénh léch
tan s6 gy ra do su khac biét thé nang hap dan.

2.2. Phwong phdp nghién ciru

Tréc dia trong d6i tinh dung phuong trinh dich chuyén tan sb trong luc 1a co s& khoa hoc dé
xac dinh chénh léch thé trong truong giita hai diém duya trén thuyét twong d6i rong cua Albert
Einstein. Gia st mot déng ho dat tai diém P phat ra mot tan sb fp va mot déng ho khac dat tai diém
Q nhan duoc tin sb fo (Hinh 3). Do chénh 1éch thé trong trudng giita hai diém P va Q nén fp va fo 12
khac nhau. Ta c6 phuong trinh sau [12]:

(1)

trong d6, Wp va Wq tuong tmg 1a thé trong trudng tai 2 diém P vaQ;cla tbc do anh sang trong
chéan khong. Cong thure (1) duoc goi la phuong trinh dich chuyen tan sb trong luc, mo ta mbi quan
hé gitta chénh 1éch tan s6 va chénh léch thé trong truong giira hai diém.

Ocean surface

Hinh 3. Xdc dinh chénh cao bang phwong phdp so sanh tan sé dong ho.

Goi Hp, Hq tuong tng 13 d cao chinh ciia diém P va Q; chénh léch thé trong truong giira
hai diém P va Q 14 AWpq = Wq — Wp; dich chuyén tan s6 gitra hai diém P va Q 1a Afeq = fo — fo. Gia
sir chung ta d biét 6 cao chinh cua diém P, lac nay, do cao chinh cua diém Q c6 thé duoc xac dinh
theo cong thirc sau [13]:

Ho- H,(g, +0.0424x H,) - AW,

2
¢ g, +0.0424x H) ?

trong do, gp, go 1a gia tri trong luc tai diém P va Q (don vi cm/s?); H g la 0 cao g?m dang tai diém
Q (don vi km), gia tri nay khong anh huong dén két qua tinh Hq vi Ho s& dugc xéac dinh bang qua
trinh tinh 1dp. Két hop cong thuc (1) va (2), ta co:
H,(g,+0.0424x H ) AfPQ
0~ g, +0.0424x H,) f

Tt cong thuc (3) ta thay, néu co thé xac dinh dugc gia tri chuyén dich tan sd Afpq thi chiing
ta c6 thé tinh dugc do cao diém Q. Pay 1a nguyén tic xac dinh do cao ctia mot diém dua trén phuong
phap so sanh tan sé dong ho.

3. Két qua nghién ctru va thio luin

3.1. Quy trinh xir Iy 56 ligu

S4 liéu trong nghién ciru nay duoc cung cip bai Vién han 1am khoa hoc Trung Qudc, do Huang
va cong sy thuc hién [11]. S6 liéu do bao gdm 2 tép dir liéu: Tép dit liéu do tai vi tri hai dong hod
cling d6 cao va tép dir liéu do tai vi tri hai dong hd chénh léch d6 cao 1a 4.34 m, Quy trinh xir Iy s6
liéu duogc thuc hién theo trinh tu sau:

)
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- Loai b6 sai sb tho: Trong tin hi¢u tan sb thu duoc chira nhiéu sai sb tho, vi vay can loai bo
céc sai s6 nay trude khi thue hién budc tiép theo. Sai s6 tho dugc loai bo dua theo nguyén tic: nhimg
gi4 tri ndo 16n hon 2 1an sai sé trung phuwong ciia day tri do thi xem 1a sai s6 tho va loai né ra khoi
day tri do. Qua trinh nay 1a qua trinh tinh lap, thyc hién bang mot chwong trinh lap trinh nho. Qua
trinh tinh 13p chi dung lai khi toan b tri do trong day s6 liéu déu nho hon 2 1an sai so trung phuong
cua day tri do. Gia tri s liéu gbc dugc thé hién trong Hinh 4a va Hinh 5a. Gia tri s liéu sau khi da
loai bo sai sb thd duoc thé hién trong Hinh 4b va Hinh 5b.

- Loai bo nhilu: Sau khi loai bo sai sb thé, chung ta thuc hién loai bo nhiéu tin hiéu. O bude
nay chiing t6i str dung phuwong phap EEMD (Ensemble Empirical Mode Decomposition) dé loai bo
cac nhiéu, “lam tron” s6 liu. EEMD la mot phuong phap loai bo nhiu duoc tng dung nhiéu trén
thé gioi [14]. Nhiéu nghién clru da trinh bay cu thé vé phuong phap EEMD va chimg minh rang
phuong phap nay c6 hiéu qua rat tot trong viéc loai bo cac nhiéu trong cc chudi s6 liéu tin hiéu tin
s6 [15,16]. Két qua sau khi loai bo nhiéu bang phuong phap EEMD duoc thé hién trong Hinh 4c va
Hinh 5c.

- Tinh gid tri trung binh va sai s6: Str dung két qua cua phuong phap EEMD, tinh gia tri trung
binh ctia moi ngay do. Tu do, tinh gia tri trung binh c6 trong so va sai s6 trung phuong cua hai day
tri do tai hai vi tri.

3.2. Két qud nghién ciru

Nhin vao Hinh 4 va Hinh 5 ta c6 thé thdy, s liéu gbc ban dau chira nhiéu sai sé 16n. Sau qua
trinh loai bo sai sb tho, day s6 liéu di tré' nén 6n dinh hon (Hinh 4b va Hinh 5b). Tiép theo, k¥ thuat
EEMD duoc 4p dung cho cac tap dir liéu duoc xur Iy dé loai bo nhiéu dinh ky. Két qua thu duoc l1a
chudi tin hiéu di tré nén “min” hon rat nhiéu (Hinh 4c¢ va Hinh 5c).

Két qua tinh toan cho théy, tai cung mot vi tri d6 cao, gia tri dich chuyén tan sb gitra hai df‘)ng
hd 1a Afi = (0,000924 + 0,002005) Hz. Tai vi tri hai ddng ho chénh 1éch d6 cao, dich chuyén tan s6
giita hai dong hd 1a Af = (0,195288 + 0,004252) Hz. Tur két qua do, d6 chénh léch tin s cua hai
dong ho dit & hai vi tri khac nhau 1a Af=0,195288 - 0,000924 = 0,194364 Hz. Vi tan sb cia dong
hd nguyén tir quang st dung trong thi nghiém nay 1a 1= 411.042.129.776.400,41 Hz [11], ¢ =
299.792.458 m/s, g = 9,80665 m-s, ching t6i thu dugc chénh 1éch do cao gifta hai d@)ng ho 14 4,33
+ 0,11 m (xem Bang 1). Két qua nay tuong xtng véi chénh 1éch d6 cao 4,34 + 0,03 m do bang
phuong phép thity chuan hinh hoc.

a 30

- W e e o
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0 5 10 15
Time/day

Hinh 4. S6 liéu do tai vi tri hai dé‘ng hé ¢6 do cao bcing nhau
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Hinh 5. S6 liéu do tai vi tri hai déng hé ¢ dé chénh cao la 4.34 m

Bdng 1. Két qua chénh cao do dwoc bang so sanh tan sé dong ho

A A aA P Dich chuyén tan s6 do " o
Tan so dong ho (Hz) dwoc (Hz) g (m/s%) Chénh cao (m)
411,042,129,776,400.41 0.194364 9.80665 4.33(11)

4. Két luan

‘Trong nghién ctru nay, viéc so sanh tan s6 dong hd dugc thye hién bang phuong phap truyén
tan sb qua soi cap quang. Hién nay, day 1a phuong phap so sanh tan s6 cho két qua c6 d6 chinh xac
cao nhat [12]. Viéc thyc hién so sanh tan s6 dong ho tai hai vi tri gitp cho két qua cua thi nghiém
loai bo duoc sai s6 hé thong. Két qua nghién ctru phit hop véi do chinh xac ctia dong hd st dung
trong thi nghiém.

Chung t61 str dyng phuong phap EEMD de xu ly chu01 s6 lidu do. Két qua cho thay phuong
phap EEMD loc nhiéu hiéu qua cua dir liéu tan s truyén qua soi cap quang. Cac tin hiéu tan so
thuong 1a tin hiéu phi tuyen tinh lién tyc va bi anh hudng kha nhiéu boi nhiéu. Viéc xur 1y céc tin
hi€u nay theo cac phep blen d6i cii (bién ddi Fourier, bién doi Wavelet, v.v.) ‘thuong khong mang
lai két qua nhu mong mudn [17]. Tir cac nghién ctru da cong bd [15, 16] va két qua tinh toan trong
nghién ciru nay cho thay phuong phap EEMD la phuong phap giam nhiéu phu hop, c6 thé st dung
dé xur ly tin hi¢u tan sd trong cac phep do trac dia.

Két qua ctia nghién ctru cho thay phuong phép so sanh tan s6 dong ho truyén qua soi cap
quang ¢ nhiéu htra hen trong viéc xac dinh chénh cao gila cac diém. Han ché cua phuong phap
nay 13 can ¢ ket ndi soi quang glua hai diém do. Vi thé, hién nay cac nha khoa hoc dang nghién
ctru viée két ndi va so sanh tan sO dong hé truyén trong khong gian.

Viéc tmg dung tric dia tuong dbi tinh trong nghién ctru Tric dia tai Viét Nam dang 13 van dé
kha mé&i mé, 1a canh cira can dugc khai pha va tmg dung. Han ché hién nay la déng hd nguyén tir
quang chung ta chua c6 dé tién hanh cac thi nghiém nghién ctru. Hy vong trong tuong lai, voi sy
phat trién cta khoa hoc cong nghg, cac ddng hd nguyén tir quang sé& tré nén pho bién va Viét Nam
s& c6 nhiéu tng dung cua cac ddng hd do chinh xac cao nay vao cong tac Trac dia.

Loi cam on

Cam on Hoc vién d6i méi khoa hoc va do luong do chinh xac cao, thuoc Vién han lam khoa
hoc Trung Quéc, tai Vit Han, H Béc, Trung Qudc da cung cép sb lidu cho nghién ctru nay.
Cam két ciia cac tac gia

Céc tac gia cam két khong c6 xung dot loi ich trong bai bao nay.
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So sanh két qua dinh vi tuyét doi xir ly bang Bernese va theo dich vu dinh vi
truc tuyén (Online PPP service)
Nguyén Viét Thuan'*, Trin Vin Phong', Vin Dtc Tung', Hoang Quang Vinh!, Nguyén Thi Thanh Huong', Vii Tuan
Hung', Dao Hai Nam'.
1Vién Bia chat — Vién Han lam Khoa hoc va Cong nghé Viét Nam, 84, Phé Chia Lang, Béng Pa, Ha Noi, Viét Nam.
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Tom tit:

Hién nay, cac dich vu dinh vi truc tuyén dwa trén Web duoc phat trién béi mét s6 t6 chire; than thién véi nguoi
diing, khéng gidi han va hau hét déu mién phi; da tré thanh mét sy thay thé dang ké so véi phan mém khoa hoc va
thwong mai co chi phi cao. Nnghién ciru thur nghiém nay da dwoc thuc hién trén tram LANG dé tim ra sw khdc biét vé
cac dich vu truc tuyén dwa trén Web duoc sir dung nhiéu nhét trén toan thé gidi (cu thé la CSRS-PPP, GAPS). Cac dich
vu nay s dung cdc phwong phdp tiép cin gidi phdp dinh vi diém tuyét doi va chinh xac (PPP- Precise Point
Positioning). Toa dé PPP cua tram dwoc woc tinh bang cach suw dung ca dich vu tryc tuyen va phan mem Bernese 5.2
tir bo dir lieu GPS 24 gio, sau do tinh todn su khdc biét vé toa do giira cac dich vy truc tuyén va i phdn mem xu ly Bernese.
Két qua nghién citu chi ra rdang cho timg gidi phdp khéc biét la dw6i 10 mm doi véi dich vu triee tuyén dinh vi diém
chinh xac. P chinh xdc vi tri diém thu dwoc tir cdc dich vu truc tuyén cung ccfp gidi phap c6 d¢ chinh xdc cao co thé
duge sir dung trong nhiéu tmg dung ky thudt va phdn tich trdc dia.

Tir khéa: GPS; Precise Point Positioning (PPP); Web-Based Online Services )
Ngay nhan bai: 28/02/2024 Ngay stra lai: 08/03/2024 Ngay chap nhan dang: 11/03/2024  Ngay xuat ban: 30/03/2024

Compare absolute positioning results processed by Bernese and online positioning

services (Online PPP service)

Nguyen Viet Thuan'®, Tran Van Phong!, Van Duc Tung', Hoang Quang Vinh!, Nguyen Thi Thanh Huong', Vu Tuan
Hung', Dao Hai Nam'.
!Institute of Geology — Vietnam Academy of Science and Technology, No 84 Chua Lang Street, Dong Da Ditrict,
Hanoi, Vietnam
Corresponding Author Email: thuanl91986@gmail.com
Abstract:

Web-based online location services are developed by a number of organizations, User-friendly, unlimited and
mostly free; has become a significant alternative to high-cost scientific and commercial software to achieve GPS data
processing and analysis. When centimeter (cm) level accuracy is desired, it is easily achieved with these services. In
this paper, an experimental study was performed on the LANG station; Institute of Geology to find an accurate analysis
of the most used web-based online services worldwide (namely CSRS-PPP, GAPS). These services use relative and
precise point positioning (PPP) solution approaches. In this pilot study, station coordinates were estimated using an
online service and GPS Bernese 5.2 processing software from a 24-hour GPS data set, and then the difference in
coordinates between stations was calculated. Bernese online services and software. From the evaluations, it is seen that
the results for each solution differ by less than 10 mm for the precise point positioning online service. The results show
that the position accuracy obtained from the related online services provides a highly accurate solution that can be
used in a variety of geodetic analysis and engineering applications.

Keywords: GPS; Precise Point Positioning (PPP); Web-Based Online Services
Submission received: 28/02/2024 Revised: 08/03/2024 Accepted: 11/03/2024 Published: 30/03/2024

1.Mé dau

Ngay nay, khi céc dich vy Internet phat trién, c6 thé cung cép dich vu truc tuyén cho nhiéu
ung dung trong linh vuc k¥ thuét thong qua Internet. Mgt trong nhiing dich vu nay la danh gia dir
liéu GPS truc tuyén [1]. Tinh ning quan trong nhat ctia cac tmg dung dua trén Internet 1a cac dich
vy ndy mién phi va dé str dung. Gan ddy, céc dich vu dinh vi GNSS dya trén web da phat trién nhu
mot lya chon bo sung cho cac phuong phap tinh toan 6 dién. Cac dich vu nhu vay ty dong tao ra
cac giai phap bang cach stir dung mot sb tap dir licu do GNSSS duoc tii qua giao dién web qua
Internet[2]. Cac quan sat GNSS duoc thu thap tai hi¢n truong dugc ghi lai ¢ cac dinh dang dit li¢u
tiéu chuan nhu Receiver Independent Exchange Format (RINEX) va sau d6 dwgc tai 1én cac dich
vu dinh vi dya trén web, cho phép thu dugc toa do vi tri ctia céac diém quan sat trong thoi gian ngén
va mién phi [3].

Dich vu dinh vi dya trén web di duogc coi 1a giai phap thay thé cho phin mém khoa hoc hoic
thuong mai trong 15 ndm tré lai ddy. Bat cir noi ndo c6 truy cap Internet, viéc danh gia dir liéu
RINEX béng cac dich vu d6 s& dé dang hon. Mot khia canh dang tin cay khac 1a viéc stir dung phﬁn
mém khoa hoc (Bernese, Gamit, GIPSY/OASIS II, v.v.) chay trong nén cta cac hé thong nay.
Nhitng dich vu ndy ciing mang lai nhiéu loi ich cho nguoi ding bang cach giam chi phi ctia nhiéu
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phén mém, phén cung, cong cy, nhan sy va dich vu van chuyén. Két qua tur cac dich vu nay ¢ dang
béo céo tom tat hodc chi tiét. Gid tri d6 1éch chuén cua cac diém nay dugc gui cung voi toa do diém
wdc tinh trong bao cdo. Mot sb dich vu giri bao cdo tém tit dudi dang thong tin tom tit ngdn, trong
khi mét sé dich vu cung cip béo céo chi tiét voi phan trinh bay chi tiét va d6 hoa. Nhiéu dich vu
trong s6 nay 1a mién phi va mot sé dich vu yéu cau tu cach thanh vién dé truy cép bang tén ngudi
dung va mat khau trong khi str dung.

Céc dich vy dinh vi dua trén web gém hai loai giai phap khac nhau: Pau tién 12 phuong phap
dinh vi twong dbi va thir hai 1a phuong phap giai phap dinh vi diém chinh xac (PPP). Trong nghién
clru ndy, giai phap dinh vi diém chinh xac dua trén web dugc st dung. Cac dich vu chu yéu duoc
st dung cho giai phap PPP chi st dung cac san pham GPS hoidc GPS + GLONASS nhu quy dao va
hiéu chinh dong hd. Ludng dir lidu cho ca hai dich vu dinh vi dya trén web dwoc hién thi trong Hinh
1. Trong nghién clru nay, hai dich vu PPP dua trén web khac nhau: GAPS va CSRS-PPP, duogc biét
dén nhiéu nhit va dugc su dung rong rai, cac thudc tinh chung cta dich vu, dia chi truy cép va két

qua phan tich déu duoc kiém tra
Dich vy xir Iy trire
tuyén trén web

| o dit lidu —
K . RINEX bang =1
Aﬂtm}]"’“ ‘ﬁ cach tai [én web Bao cao phan tich
may thu /), Toa d6 va do léch
GPS > >chu§in cnia diém do

e-mail return

"—-";"&:{ .

Pia chi h‘aﬁg web xi Ij trie tuyén

-
Thu thap di lidgu thod

Hinh 1. So dé trinh bay cdc dich vu dinh vi dva trén web.

2. Phuong phap va cac tién ich xir Iy s6 liéu GNSS.

Ky thuat PPP dua trén viéc danh gia mé va phep do pha dugc thu thép tir mot may thu. Trong
k¥ thuat nay, vi tri may thu dugc xéac dinh tryc tiép bang cach sir dung quy dao chinh xac va hleu
chinh déng hé do IGS (International GNSS Service) va cac t6 chirc twong ty ban hanh [3, 6]. S
thanh cong cua viéc dinh vi bang ky thuat PPP phu thudc phan 16m vao viéc xac dinh sy thay d01
quy dao chinh xé4c cua vé tinh GPS. Do d6, v6i giai phap PPP, diéu quan trong 1a phai c6 duoc thong
tin quy dao chinh x4c va déng ho vé tinh thay vi thong tin quy dao dugc phat tir vé tinh. Do chinh
xéc, do tré phat song, cap nhat va khoang thoi gian thu tin hiéu ddi v6i quy dao vé tinh GPS chinh
xéc va hiéu chinh dong hd do IGS cong b duoc néu trong Bang 1. Ngay nay, do d chinh xac cia
quy dao vé tinh chinh x4c va cac san pham dong ho do cac td chirc nhu IGS, CODE va JPL cong bd
ngdy cang tién bo , viéc sir dung ki thuat PPP ngay cang ting trong viéc xac dinh vi tri diém.

Bdng 1. Théng tin cdc loai lich vé tinh (Nguon: https://cddis.nasa.gov/archive/gnss/data/daily/)

Loai lich vé tinh Sai s6 quy dao/ | Do chinh xic | Thoi gian hinh | Thoi gian | Tan xuit
Pong ho vé tinh thanh cip nhat | tin hi¢u
Quang ba (Broadcast) Quy dao: 100 cm Ttre thoi - Hang
Ddng ho vé tinh 5ns RMS ngay
2.5 ns SDEV
Cuc nhanh — du bao Quy dao: Scm T thoi 3,9,15,21 15 min
(Utral rapid — predicted) DPdng hd vé tinh 3 ns RMS UTC
1.5 SDEV
Cyc nhanh — quan tric Quy dao: 3cm Sau 3-9h 3,9,15,21 15 min
(Utral rapid — observed) DPdng hd vé tinh 150 ps RMS UTC
50 ps SDEV
Nhanh - Rapid Quy dao: 2.5cm Sau 17-41 h 17h UTC 15min
Dong hd vé tinh 75 ps RMS
24 ps SDEV
Cubi cing - Final Quy dao: 2.5cm Sau 12 — 18 ngay Tha 5 15min
Dong ho vé tinh 75 ps RMS hang tuan
20 ps SDEV
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Du6i day la phuong trinh quan sat doc lap voi tang dién ly cua phep do khoang cach gia va
pha song mang bao gém vi tri may thu, d¢ léch dong ho, do tré tang ddi luu, pha song mang khong
xac dinh cac thong s6 va sai s6 quan sat [3]:

lp=p+c(dt—dT)+T, +1L. +¢g,
lp=p+c(dt—dT)+ NA+T, +1.+¢, (1

trong d6 Ip va le 1an luot 1a su két hop doc 1ap voi tang dién ly cua cac phép do mi va pha;
dt 14 d6 léch ddng hd ciia may thu, 1 chénh 1éch giira thoi gian ciia may thu (ddng hd ciia may thu)
va thoi gian hé thong (GPS); dT 1 d 1éch dong ho vé tinh, 1a chénh léch giita thoi gian vé tinh
(d0ng ho vé tinh) va thoi gian hé thong (GPS); ¢ la téc d6 anh sang trong khong gian; N 1a s6 nguyén
cua pha song mang doc 1ap véi ting dién ly; T, 1a do tré tin hiéu tAng dbi luu va Ir 1a 46 tré tin hi¢u
tang dién ly giira vé tinh va may thu; A 1 budc séng; €y VA &p 1 cac thanh phan nhiéu bao gdm ca
su phan xa tin hi¢u [4-6]. Khoang cach hinh hoc gitta v¢ tinh (XS, YS, ZS) va may thu (XR, YR,
ZR) dugc xac dinh nhu sau:

p= X = Xp)? + (VS = Yp)2 + (Z° — Zg)? (2)

Céc dich vu GNSS dura trén web rat dé sir dung va khong yéu cau kién thirc bo sung vé phan
mém. Dit liéu & dinh dang RINEX thu dugc tir may thu GNSS dugc xir ly bang cach tai _chung 1én
giao dién web cua cac dich vu dinh vi dua trén web. Tuy thudc vao dich vu duge cung cap duoc st
dung, mét sé dich vu yéu cau thong tin bd sung nhu nhan hi¢u ang-ten thu song va chiéu cao ang-
ten. Khi két thiic qua trinh danh gia duoc bat ddu sau qua trinh tai 1én cac quan sat GNSS, bao céo
cudi cung vé cac quan sat GNSS ¢6 lién quan s& duoc trinh bay cho nguoi dung qua e-mail hoac
lién két c6 thé tai xudng tir giao dién web. Dia chi Internet cua cac dich vu dinh vi dua trén web c6
thé xir Iy cac tri do GNSS theo phuong phap PPP va cung cip chang cho nguoi dung dugc néu trong
Bang 2. Bé dap ting d6 chinh xac dinh vi diém tuy ting yéu cau dat ra, moi dich vu cling cap nht
riéng cho minh cac sb liéu hd trg khac nham dwa ra két qua tét nhat cho khach hang.

Bang 2. Thong tin dia chi Web cdc dich vu dinh vi truc tuyén.

Tinh niing APPS GAPS CSRS-PPP Magic-PPP
Co quan phat trién Jet Propulsion University of New Natural Spain GMV Company
Laboratory Brunswick (UNB Resources
(JPL) Canada (NRCan)
Trang web dich | http://apps.gdgps.net | /http://gaps.gge.un | http://www.geod. | http://magicgnss.gmv.c
vu b.ca/ nrcan.gc.ca/ om/
ppp
Phién ban méi GIPSY 6.2 GAPS V5.2 CSRS-PPP Magic GNSS 5.3
nhit
Céc phép do duogc Static Static, kinematic | Kinematic, static Static, kinematic
hd trg xtt Iy
Dir liéu do Dual-frequency Dual-frequency Single or Dual-frequency
dualfrequency
Han ché cua tap 5 Mb 10 Mb 100 Mb 5 Mb
tin tai lén
Hg vé tinh GPS GPS GPS\ GLONASS GPS\GLONASS
Khung tham chiéu ITRF2014 ITRF2014/NAD8 | ITRF2014/NADS ITRF2014
3 3-
CSRS
Lich v¢ tinh chinh | JPL rapid/final/real- 1GS 1GS IGS\GMV
xdac time
M6 hinh do tré GMF: troposphere UNB-VMFI; Dry delay: Davis --
tang d6i luu mapping UNB3 Wet delay: Hopf
function MF: VMF1- MF: GMF
gridded
Ubc tinh d¢ tré D9 tré kho va uét D9 tré theo D9 tré theo D9 tré kho va uét theo
tang d6i luu theo phuong thién | phuong thién dinh phuong thién phuong thién dinh
dinh dinh
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Dich vu phén tich va dinh vi GNSS (GAPS) véi dia chi truy cap http://gaps.gge.unb.ca/ la
dich vu xur 1y dya trén web do Dai hoc New Brunswick (UNB) cung céap. Day 1a mot dich vu khong
yéu cau ding ky thanh vién. Dich vu nay sir dung cac san pham dong hd va quy dao nhanh, cudi
cung cua IGS trong qua trinh thu tin hiéu GPS, dich vu chua dua vao tinh toan dit liéu hd trg tang
dién ly, tai trong dai dwong.... GAPS la dich vu cung cap giai phap GNSS cho nguoi ding qua e-
mail. Cac giai phap toa d6 cia GAPS duogc thé hién trong khung tham chiéu ITRF14.

GAPS

GNS5 ANALYSIS AND POSITIONING SOFTWARE

Erancais
I ‘ Government  Gouvernement 3
ofCanada  du Canada Search Canada.ca n

MENU + it
HOME ABOUT SUBMIT A FILE PUBLICATIONS NEWS

Canada.ca » Natural Resources Canada - Maps, (eols and Publications » Gendetic Reference Systams -~ Geodetic tools and data
Pracise Paint Pasitianing GAPS Advanced User Submission

Precise Point Positioning Select Input File

) CSRS-PPP update - ITRF2020/1G520 Reference Frame Adoption Select Input Obsarvatton Flk: (G g o o s e

Beginning with GNSS observations collected on Sunday, 27 Navember 2022, CSRS-PPP will output [TRF solutions in
the 1G520 reference frame. This new frame is the International GNSS Service (IGS) realization of ITRF2020. To learn Selact System
imore about this change and what the impacts may be on your subimissions, please visit the CSRS-FPP modernization

page. ” >
GPs ® o, O of

Hinh:Giao dién trén intenet cua cac dich vu CSRS-PPP, GAPS.

Pinh vi diém chinh x4c cua Hé théng tham chiéu khong gian Canada (CSRS-PPP) dia chi
truy cép https://webapp.csrs-scrs.nrcan-rncan.ge.ca/geod/tools-outils/ppp.php 1a dich vu xu ly
GNSS dua trén web do Bo Tai nguyén Canada (NRCAN) cung cap. CSRS-PPP sir dung céc san
pham d6ng hd va quy dao GPS chinh xac do IGS cung cap. Céc giai phap toa do PPP dugc thé hién
trong ca dit liéu NADS83 va ITRF14 véi cac bao céo phén tich dd hoa chi tiét [7]. Dich vu nay da
tich cue xur ly dir lisu GLONASS tir ngay 4 thang 10 ndm 2011 va chap nhan cac tép hiéu chinh tai
thuy triéu dai duong (OTL) do nguoi dung cung cAp tir ngdy 14 thang 2 nam 2012.

3. Dir liéu va két qua tinh toan

Trong nghién ciru ndy, dir li¢u cia Hé thong V¢ tinh Dinh vi Toan cau (GNSS) & cac thoi
diém khac nhau thudc tram GNSS c¢b dinh LANG, do lién tuc, s6 lidu nay két hop voi cac dir liéu
hd tro khac nhu lich vé tinh chinh xac, d6 tré tang ddi luu... dugc xu Iy bang phan mém Bernese
5.2 cu thé 1a module PPP_BAS[5]. Quy trinh danh gia dit liéu GNSS dugc thyc hién trong cac ca
do 24 gio va két qua dugc so sanh gitra cac két qua giai phép trang Internet khac nhau. Tong sé hon
80 ca do da dugc xur 1y, bao gom s0 liéu GNSS tai tram LANG céac ngay GPS tir 001-081 nam 2021
va 2022. Két qua thu duoc tir nghién ciru nay 14 3 loai toa d ciia ba giai phap da dugc chon: (1) xtr
Iy hau ky tir phan mém Bernese 5.2 va (2) cac két qua toa do tir cac giai phap dinh vi tryc tuyén
PPP-online service, cac gia tri gia s toa do ctia ca do 24h tng véi timg giai phap (Hinh 4) dugc so
sanh véi nhau.

S liéu do va sb liéu hd trg sau khi bién tap day du duoc dua vao xir Iy bang phan mém
Bernese theo quy trinh sau:
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Lich vé tinh chinh xéc S6 liéu, dix liéu hd tro S6 liéu hdn hop
\4
Chuyén dbi lich vé tinh Chuyén ddi dang sé lidu
\ 4
Tién xtt ly: P

Sai sd déng ho,

Phuong trinh pha

A

Loc sai s0

Xéc dinh cac tham s6:

canh, toa d6 v.v

'

Thiét 1ap phuong trinh

chuén theo ca do

Kiém tra, xur ly lai ca

\ 4

do (néu cén thiét)

A 4

Tich hop cac phuong trinh

chuan; Loi giai cuoi cung

Hinh 3: Quy trinh xit Iy 56 liéu bang phan mém Bernese 5.2.

Biéu db gia s6 toa dj DX ciia Biéu d6 gia sb toa 36 (DY) ciia
ba giai phap xi 1y ba giai phap xit Iy
0.1000

0.0600 P
0.0400 A0 o . ;
0.0200 r«f/m 0.0000 U\-' :[U’Al\p-a‘-f‘_\v,\‘ AN ,Sgt
0.0000 T J/\r A 1 58 1377 21252033 3741 45 48 5357 6 1§ AOV3
-0.0200 1,579 ﬂ@g,ﬁﬁ!%ﬁ&ﬂ 454953576165 697377 -0.1000
-0.0400
-0.0600 -0.2000

——DX (GASP) DX (CSRS) DX BERNS.2 =—DY (GAPS) DY (CSRS) DY (BERN 5.2)

Biéu dé gia sb toa d6 DZ ciia
ba giai phap xw ly
0.1

|.l\

lll A “‘ o R A

0 > hﬁ\asﬂﬁ. Vs I Yal\
oW1317 21252 374145495357616569737

-0.1

——DZ (GAPS) DZ (CSRS) DZ (BERN 5.2)

Hinh 4. Biéu db so sanh cdc gia s6 toa dp (PPP) cia timg gidi phdp so véi gid tri gan ding.
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Gia tri thong ké cua cac két qua thu duogc c6 thé duoc danh gid bang cach xem xét Sai sb
binh phuong trung binh (RMSE) [3, 6]. Sai s6 trung phuong trung binh (RMSE), con dugc goi 1a
Do léch binh phuong trung binh, 1a thudce do duge sir dung thudng xuyén dé danh gia su khac biét
giita cac gia tri dugc quan sat tir cac phép do ludng khac nhau. RMSE dugc tinh bing cong thic

sau:
RMSEx = | Zize®?? RMSEy = /—Zho:’”“z, RMSEz = /—Zhosfz)“z 3)
n

Cac giai phap quan sat GPS 24 gi¢ cua tram LANG dugc dua vao xur ly, cac gia tri RMSE
cua cac giai phap toa d6 CSRS-PPP, GAPS va Bernese 5.2 khac biét nim trong khoang tir 0,001
dén 0,005 m. Sau day la bang thng ké cac gia tri sai s:

Bdng 3. Két qua RMSE ciia ba gidi phdp xit 1y.

Cac giai phap RMSEx(m) RMSEy(m) RMSE.(m)

Bernese 5.2 0.013 0.017 0.014

GAPS 0.022 0.025 0.024

CSRS-PPP 0.017 0.020 0.016
Chart Title

0.3
0.25
0.2
0.15
0.1

0.05

RMSEx RMSEy RMSEz

Bernese 5.2 GAPS CSRS-PPP

Hinh 5: Biéu do thé hién sai sé RMSE cho timg gidi phdp xir 1y khéc nhau.

Sau khi thu dugc két qua tinh RMSE ciia timg thanh phan toa do trong hé toa do khong gian
dia tam, cua cac dich vu dinh vi dya trén web, toa d6 thu duoc duoc so sanh véi toa do thu duoc
trong phan mém khoa hoc Bernese 5.2.

Tir bang két qua thu dugc ta nhan thay: gid tri toa do cua giai phap xtr 1y bang phan mém
Bernese 5.2 c6 d¢ tin cdy cao bdi cac sai s6 tinh toan nho hon so véi cac giai phap khac. Gia tri toa
do tir giai phap xir 1y bang dich vu GAPS léch hon nhiéu so v6i hai giai phap con lai c¢6 thé nguyén
nhan dich vu nay chua cép nhat va dua vao tinh toan cac s6 liéu hd trg nhu: loai lich vé tinh chinh
xéac cudi cung (Final), sb lidu d6 tré tang dién ly (.ion), s6 liéu tai trong dai dwong, tai trong dia
quyén, mé hinh kién tao (.pld) va céc s6 liéu hd tro khac.

Theo két qua thu dugc, dich vu CSRS-PPP cho két qua tét hon phuong phap truc tuyén
GAPS, sai s6 binh phuong trung binh RMSE dugc tinh toan lan luot 1a +£1,7, £0,2 va +0,16 theo
huong X, Y va Z. So véi gidi phap xu 1y hau ky Bernese 5.2, dich vu dinh vi truc tuyén PPP-CSRS
khong sai khac nhiéu va két hop véi cac dir ligu ho trg khac gia tri RMSE nay sé& chéc chén tiém can
bang nhau.

4. Két lujn

Ngay nay, cong ngh¢ PPP ngay cang tr¢ nén quan trong; ky thuat PPP kha thi trong qua trinh
do dac va danh gia chi v61 mot may thu GNSS va viéc cung cap mién phi cac dich vu nay cho ngudi
dung trén Internet khién cic hé thong nay tré nén thuan loi trong nhiéu ing dung. Nhiéu san pham
dau ra c6 thé thu dugc ma khong can kién thirc chuyén moén vé GNSS ngoai trinh d6 co ban. Khi str
dung dich vu dinh vi trén nén web, viéc lua chon céac thong sb giai phap phu hop véi cAu trac dir
lidu va phuong phap do c6 thé mang lai dg chinh xac toa d6 1én mirc cao nhit. Vi timg dung danh
cho nghién ctru khoa hoc chi ra rang cac dich vy d6 khong phu hop voi cac tng dung doi hoi yéu
cau cao, chang han nhu mé hinh tang dién ly va tang d6i luu, nghién ctru phén tich bién dang, thong

42



Magazine of Geodesy — Cartography Tap chi Tric dia - Ban d6
Vol 10, N° 01 (03/2024), ISSN: 2615-9481 S6 10, Tap 01 (2024), ISSN: 2615-9481

s6 dinh hudng trai dat, v.v. Két qua tu cac dich vy dinh vi trén nén web cho théy khong cé nhiéu

khac biét giita két qua ctia phan mém khoa hoc (Bernese, Garmit...) khi c6 du dit liéu va thoi gian

quan tric trong cac phién GNSS. Diéu nay kha 13 rang trong cac két qua vé do chinh xac dugce dua
ra trong Hinh 5. Két qua thu dugc tir cac dich vu nhu vay mang lai loi ich 16n vé thoi gian va chi
phi, di dé cung cip thong tin vi tri cho nhiéu tmg dung k¥ thuét.

Loi cdm on

Cam on dé tai Dai tram Vién Dia chét, dé tai co s¢ s6 02-DTCS/2023: “So sanh do chinh xac dinh

vi diém don chinh x4c (PPP) xir Iy bang Bernese va theo dich vu dinh vi diém don chinh xac truc tuyén” da

hd tro, cung cap s lidu dé nhom tac gia thuc hién nghién ciru ndy.

Cam két ciia céc tac gia

Tt ca cac tac gia co tén trong bai bao cam két sy dong thuan va khong c6 xung dot loi ich
trong cong bd khoa hoc tai bai bao nay.

Tai liéu tham khao
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[3] Ocalan T, E.B., Tunalioglu N, Analysis of web-based online services for GPS relative and
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o PHAN THU' BA: TIN HOAT PONG NGANH
- Tin quoc te: o
+ Hoi thao quoc te GeoConnect Asia.

GEO [\ DiGimaL MARINE
CONNECT /n CONSTRUCTION % & HYDRO "\ 5:2:5&,2“

Agla 2024

TONG QUAN SU KIEN

Trién 1am va Hoi nghi Geo Connect Asia 2024 dién ra tir ngay 6-7/3/2024 1a trién 1dm 16n nhat
danh cho céc thi trudng khong gian dia 1y, dinh vi, tri thong minh vi tri va vién thim dang mé rong
nhanh chéng trong khu vic, bao gdm hon 100 cong ty hang du. Viée dat cung dia diém véi Digital
Construction Asia dic biét tip trung vao su phét trién ctia mot trong nhirng nganh cong nghiép 16n
nhét khu vuc.

Véi ing dung ngay cang tang cua bi quyét dya trén khong gian dia 1y trong qué trinh ra quyet
dinh cua chinh phu, doanh nghiép va t6 chirc phi lgi nhuén, sy kién thuong nién bao gdbm mot budi
trinh dién véi sy két hop giita nén tang k¥ thuat va lanh dao tu tuéng.

Viéc bo sung Marine & Hydro Asia s& mé rong pham vi tiép can céc thi truong khong gian
thuy van trong khu vyc. Drone & Uncrewed Asia gidi thiéu cac nganh cong nghiép UAV trong khu
vuc va giai quyét cac co hdi trong cac nganh cong nghiép quan trong va méi ndi.

GEO

CONNECT
Asia 2025

GEOSPATIAL DRIVEN IMPACTS

Underground, Land & Sea To Sky

The Geo Connect Asia 20245 will be 9 - 10 April 2025 at Sands Expo & Convention
Centre Singapore

Geo Connect Asia 2025 s& dién ra tir ngay 9 - 10 thang 4 nam 2025 tai Trung tdm Hoi nghi &
Trién ldm Sands Singapore

+ Hgi nghi Ban do Quéc té tai Canada thang 8 ndm 2025
The 32nd International Cartographic Conference will take place
in Vancouver, Canada, 18-22 August 2025.
. Hoi nghi Ban dd Quéc té 1an tha 32 s& dién ra tai Vancouver, Canada, tir
ngay 18 dén ngay 22 thang 8 nam 2025.
https://icaci.org/icc2025/

ICC 2025 - oo™
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+ Hgi nghi Ban do Quoc té tai Ao thang 9 nam 2024
The International Cartographic Association (ICA), the Vienna University of Technology
(TU Wien), the Austrian Academy of Sciences (OAW), the
EuroCarto2024 Gemman (DGHK), Austrian (OKK), Swiss (SGK), British (BCS)
and Czech (CKS) Cartographic Societies are pleased to invite
you to the European Cartographic Conference — EuroCarto
VIENNA 91T SEPTEMBER 2024 9024, 9-11 September 2024 at TU Wien, Austria.

Hiép héi Ban d6 Qudc té (ICA), bBai hoc Cong ngh¢ Vienna (TU Wien), Vién Han 1am Khoa
hoc Ao (OAW), Puc (DGfK), Ao (OKK), Thuy Si (SGK), Anh (BCS) va Séc ( CKS) Hiép hoi Ban
d6 han hanh moi ban tham dy Hoi nghi Ban ¢6 Chau Au — EuroCarto 2024, ngay 9-11 thang 9 nim
2024 tai TU Wien, Ao.

https://icaci.org/invitation-to-eurocarto2024/

- Tin trong nuéc:
+Vién Khoa hoc Po dac va Ban do t6 chirc Hoi thao khoa hoc va cong nghé nhan dip ky niém
30 nam ngay thanh lap 09/7/1994-09/7/2024.
https://visam.vn/tin-tuc/noi-bat/152 /thu-moi-viet-bai-hoi-thao-khoa-hoc-va-cong-nghe.html
+Apple trién khai xe chup dnh ban do ¢ Viét Nam
https://vnexpress.net/apple-trien-khai-xe-chup-anh-ban-do-o-viet-nam-
4711809.html?gidzl=nLgQ5wveDdl6G9iOhNSrTSH1cXcmS]CfgXITIkuZC2Q749KGl21eSO8GbX7jS3z
mraV75cDQ1fnKhcmtUm

45


https://icaci.org/
https://cartography.tuwien.ac.at/
https://www.oeaw.ac.at/oesterreichische-akademie-der-wissenschaften
https://www.dgfk.net/
https://oekk.univie.ac.at/
https://kartografie.ch/
https://www.cartography.org.uk/
https://www.cartography.cz/
https://visam.vn/tin-tuc/noi-bat/152/thu-moi-viet-bai-hoi-thao-khoa-hoc-va-cong-nghe.html
https://vnexpress.net/apple-trien-khai-xe-chup-anh-ban-do-o-viet-nam-4711809.html?gidzl=nLgQ5wveDdl6G9iOhNSrTSH1cXcmSJCfqXITIkuZC2Q749KGl21eSO8GbX7jS3zmraV75cDQ1fnKhcmtUm
https://vnexpress.net/apple-trien-khai-xe-chup-anh-ban-do-o-viet-nam-4711809.html?gidzl=nLgQ5wveDdl6G9iOhNSrTSH1cXcmSJCfqXITIkuZC2Q749KGl21eSO8GbX7jS3zmraV75cDQ1fnKhcmtUm
https://vnexpress.net/apple-trien-khai-xe-chup-anh-ban-do-o-viet-nam-4711809.html?gidzl=nLgQ5wveDdl6G9iOhNSrTSH1cXcmSJCfqXITIkuZC2Q749KGl21eSO8GbX7jS3zmraV75cDQ1fnKhcmtUm

Magazine of Geodesy — Cartography Tap chi Tric dia - Ban db
Vol 10, N° 01 (03/2024), ISSN: 2615-9481 S6 10, Tap 01 (2024), ISSN: 2615-9481

LIEN HIEP CAC HOI KHOA HOC VA KY THUAT VIET NAM
HOI TRAC DIA - BAN DO - VIEN THAM VIET NAM
TAP CHi TRAC PIA - BAN BO
Dja chi: S6 2 Pang Thuy Tram, C6 nhué 1, Bac Tir Liém, Ha Noi
Dién thoai. 0978910602, Email: info@geocartagis.org, Website: www.geocartagis.org

THU MOI VIET BAI CHO TAP CHi TRAC PIA — BAN PO
Kinh giri: Quy céng tic vién, doi tic va ban doc!

Ban bién tép Tap chi Tréc dia - Ban do tran trong kinh moi Quy vi giri bai viét dén Tap chi
v6i ndi dung pho bién kién thire, kinh nghiém cho céc nha quan ly, doanh nghiép, co quan, truong
hoc, nha nghién ctru va doc gia trong moi linh vuc cua Khoa hoc da nganh lién quan nhu: Trac dia,
Ban do, Vién tham, GIS, Khoa hoc Tradi dat, Quan ly Pat dai — Bat dong san, Mo - Dia chat, Tai
nguyén va Moi truong, Nong Lam nghiép, Thuy san, Giao thong Van tai, Xay dung,...

Loiich cua tac gia
1. Mién phi: Chung t6i dang mién phi xuérlt~ ban bai bao cho tat ca cac bai bao dang trén Tap chi cua
chung t6i tr ndm 2024-2025. Ngoai ra, moi bai viét s€ dugc cung cap ma dinh danh doi tugng k¥
thuat so (DOI) do Crossref cap.

2. Xudt ban Swift: Qua trinh danh gia ngang hang d6i v6i cac bai nghién ctru khoa hoc cua chung
t61 thuong dugc hoan thanh trong vong 2-3 tuan va sau khi dugc chap nhan, cac bai viét s& duoc uu
tién xuat ban sdm nhat c6 thé. Toan bd qua trinh xuat ban dugc hoan thanh trong 2 thang.

3. Lap chi myc tryc tuyén: Cac bai viét vé nghién ciru khoa hoc xuat ban trén Tap chi Trac dia —
Ban do dugc Crossref, Google Scholar, ... xac lap chi muc.

4. Tham gia hé thong phdn bién quéc té, dugc ghi nhan trén Publons.

5. Trd phi diic bigt: Cac bai viét ¢ gia tri cao s& duoc Tap chi tra gia cao nhét co thé.

’ Khoéng c6 gidi han vé do dai, s’(A) tur, ]:)iéu dd hoic loe_}i bé’n th’éo. Chung t6i ho,an nghénh céac
bai viét Nghién ctru, Panh gia, Giao ti€p ngan, Binh luén ngan, Y kién, Gidi thi€u thiét bi cong ngh¢
k¥ thuat maéi, kinh nghiém hay hiéu qua, v.v.v...

Cac mau ban thao, quy dinh vé dinh dang, trich dan, ... duoc dang trén dia chi Website:
www.geocartagis.org
Ban thao xin vui long giri kém theo tiéu dé bai viét tiém ning va ngay xuit ban mong mubn
té1 dia chi email: info@geocartagis.org
Xin Tran trong cam on !
Ha noi, ngay 01 thang 2 nam 2024
Noi nhdn:
- Nhu
- Luu VT;
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LIEN HIEP CAC HOI KHOA HOC VA KY THUAT VIET NAM
HOI TRAC PIA - BAN PO - VIEN THAM VIET NAM

TAP CHi TRAC PIA - BAN BO
Dija chi: S6 2 Pang Thuy Tram, C6 nhué 1, Bac Tt Liém, Ha Noi
PT. 0978910602, Email: info@geocartagis.org, Website: www.geocartagis.org

PHIEU DAT MUA TAP CHi + CHUYEN SAN

TEN AON Vi (N0AC CA NNAN): ettt s st e st ete e e evrene s
DA N ettt ettt e et ettt ere s et e aea et e e sreste s e e nenraeneenees
B =] () [0 o= 11 U
IMIB SO ThUB: ..ttt sttt seas e bbbttt b s bbbt s b snb e s st bt sbabn s
Dia chi NAN TP Chit et s ettt
e D&t mua Tap chi vdi thoi han va s lugng nhu sau: tir thang ......... dén thang ........
e Chuyén san véi thoi han va s6 lugng nhu sau: tir thang ......dén théang ...
Lwu y: Chuyén san xuat ban thang 6, thang 12 trong nam. 50.000 dong
S8 Tét (Thang 01+02): 60.000 déng

Tap chi

S6 ky dat mua S6 cudn/ky Pon gid Thanh tién

(1) (2) (3) (4)=(2)*(3)
1ky(1s6) | e cudn | 48.000 dong/1 ky déng
4Kky (4s0)=1nam | .o cudn | 46.500 dong/1 ky déng
8ky(8s8)=2nam | .. cudn | 45.000 dong/1 ky déng
10ky (10s6)=2.5nam |  ceeveneee. cudn | 43.200 déng/1 ky déng
20ky(20s6)=5nam | e cudn | 40.800 dong/1 ky déng
Chuyén san cudn 50.000 déng déng
S6 Tét cudn 60.000 déng déng
Téng dong

Ghi chu: Tap chi xuét bén 4 s6/1 ndm
e  Phuong thirc thanh todn:
Chuyén khoanf Tién matt Qua buu diénf
Tai khoan: Tap chi Trac dia—Ban d6 . M3 s6 thué: 0101257467; S6 tai khoan: 1461536868
M& tai: Ngan hang Thwong mai C8 phan Ngoai thwong Viét Nam (Vietcombank), chi nhanh ngan hang
Thanh Xuan

Ma khach hang: ...............cooocee.

Phiéu va tién dat mua xin guri vé:

Van phong giao dich Tap chi Trac dia — Ban d6.

Dia chi: 45 Nguyén Trai, Khuwong Trung, Thanh Xuan, Ha Noi
Tel: 0978910602

Email: info@geocartagis.org

Website: http://www.geocartagis.org

Vietcombank'¥/ Ngéy .......... théng ............ nam 202...
Nguwoi dat mua
Ky tén, déng dau (néu cd)

(]
=
9y

TAP CHI TRAC DIA - BAN DO
So tai khoan: 1461536868
VCB THANH XUAN-TRU SO CN

Quy khdch tai phiéu nay vé, dién théng tin, ky tén, déng ddu, gui qua email info@geocartagis.org hodc zalo 0987910602
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Hé thong thiét bj dung cho cip nhit ban d6 Wingtra

My bay khong nguoi 1ai (UAV) duge str dung pho bién trong nhiéu linh vyc: chup anh trén
khong, gidm sat trén b, trén bién, chéng budn 14u, kiém soat moi truong, bao vé rung, tham do dia
chét, dich vu nong — ngu nghi¢p. Trong nganh Tric dja — Ban do, UAV duoc st dung cho cong tac
chup anh do phan giai cao, quét dir liéu Lidar dé thanh 1ap, cap nhat, chinh 1y co sé dit liéu ban dd
dia hinh, dia chinh, quy hoach, quan trac s6 liéu khong gian do anh hudng cta bién doi khi hau,
danh gid hau qua tién tai (10 lut, chay rung...).

Céac UAV hién nay c6 d6 khang gi6 rat cao, dam bao bay chup dit liéu dnh ngay trong khi co
thoi tiét khong thuan loi trong mila mua bdo, ving dong bang ven bién nhiéu gi6 hay ving nai hiém
trd. Viéc cAt ha canh dugc thuc hién tu dong theo phuong thuc 1én théng (VTOL) cho phép trién
khai dugc ¢ nhiéu loai dia hinh, khu vuc khé khin vé khoang khong cét ha canh, trong cac khu dan
cu, rimg ngap man, dam lay.

My anh gan trén UAV c6 d6 phan gidi cao 42-61 MP cho céc dif liéu anh rd nét két hop véi
dinh vi tam anh PPK, khoang cach gitra tram diéu khién mat dat va UAV (10km) nén co6 thé bay
chup dién rong hoic diéu dong UAV bay chup nhimg khu vue kho c6 thé tiép can.

Thiét bi quét Lidar dugc tich hgp véi mo dun IMU d6 chinh x4c cao khi gan trén cac UAV
két hop véi tram dinh vi GNSS Base hodc tir cdic mang ludi CORS hién c6. Dai quét ciia cam bién
Lidar phu hop véi cac diéu kién bay va dia hinh tir vai chuc mét dén hon 1000m trén bé mit dia
hinh v&i d chinh xac ¢d cm.

Wingtra 1 hing san xuat UAV cong nghé VTOL c¢6 kha niang mang duoc nhidu cam bién
chup anh RGB, Oblique, MultiSpectral, Thermal va cam bién quét Lidar dai rong. Moi thong tin chi
tiét xin tham khao tai Cong ty C6 phan Dich vu Thuong mai Khao sat Ha Dong (HDS).

HDS 1a dai dién, dai Iy phan phdi ctia nhitng nha san xuat hang dau trén thé giéi vé thiét b
Tric dia — Ban d6 nhu: Trimble (M§), Wingtra (Thuy S¥), Teledyne (M¥), DJI (Trung Qudc) ...
Dia chi lién hé:

- VPGD: S6 3-4/LK21 Khu d4u gia Ngo Thi Nham — P. La Khé- Quan Ha Dong- Ha Noi
- Dién thoai: +84-24.8588 1218 /0913303122

Pia chi Website: www.hdsurvey.vn
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dathop® &:Trimble.

Tron niém tin

THE WAY THE WORLD WORKS

HE THONG GNSS THE HE MOI CUA TRIMBLE

V6i nhitng tinh ning cdi tién chinh nay, GNSS
Trimble duoc wu tién lya chon trong rat nhiéu
Iinh vic nhu: khdo sat dia hinh, dia chinh, GIS,
quan tric, thi cong va nghién cttu trai dat.

DAt Hop 12 dai dién ctia Trimble tai Viét Nam,
din dau xu thé trong nganh tric dia — ban do
véi nhitng gidi phap da dugc ng dung va
ching thye nhu: Khdo sat dia hinh; Thu thap va
tich hop GIS; Mobile mapping; 3D laser
scanning; Quan tric — Monitoring; Céng trinh
ham - khai khoang mo.

Trimble dugc biét dén 1a thuwong hiéu hang
dau thé giéi vé cong nghé dinh vi vé tinh
toan ciu (GNSS) dua vao thuat toan xtt Iy
nhiéu da dudng, gio ddy thuat toan Propoint
gitp nguoi khao sat thu thip dit liéu nhanh
hon, chinh xac va dang tin cdy hon khi do
dac trong d6 thi hay rimg nhiéu tan cay trén
cac thé hé nhu Trimble R12i, Trimle R780,
Trimble R750, Trimble Catalyst DA2. Tat ca
déu duoc kich hoat sdn tinh ning thu séng
hiéu chinh Trimble RTX - mot loai séng hiéu
chinh qua vé tinh (L-Band/IP internet) gitip
hiéu chinh dén cic may thu Rover dat do
chinh x4c centimet khi bi mat két ndi véi
cic tram hiéu chinh mit dat (yéu cau
internet/radio UHF).

Thoéng tin lién hé:

e Dija chi vin phong: 2 budng SO 4,
Khu dé Thi Van Phtc, Tha D,
Thanh phd H6 Chi Minh

¢ DPién thoai: 028 3 6208 606

¢ Hotline: 0903 825 125

* Email: dathop@dathop.com.vn
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- when it has to be night @
Geosystens

GIAI PHAP MAY TOAN DAC DA NANG
LEICA NOUA MS60 CHO DA MUC TIEU UNG DUNG
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Clinical Diagrostics (W), Asplied Bosyshems -
Thermo Fisher Soentfic (My), Labconco (My),
Pigaios| Nhit), Buchs (Thiy 57)...
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