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Nowadays, satellite remote sensing technology has been applied in many
fields of socio-economic development, including search and rescue at sea.
Systems with the integration of remote sensing satellite technology have
made the search and rescue operations faster, more accurate and more
efficient. With the search and rescue systems at sea, remote sensing satellite
motion simulation is an important task. This helps the authorities to identify
and select the appropriate remote sensing satellite image data source to
assist in processing and zoning search and rescue at sea. However, in
Vietnam, it is difficult to determine the satellite image data source for the
search and rescue situations. Therefore, the research team built a remote
sensing satellite motion simulation program based on two-line element data.
This is the data source that has been used in astronomy research. This
program will simulate satellite orbits in real time and at any time. The
accuracy evaluation result of satellite orbit simulation have been compared
with online remote sensing satellite tracking systems in the world. The
research result show that the satellite orbit simulation has ensured accuracy.

Copyright © 2022 Hanoi University of Mining and Geology. All rights reserved.

*Corresponding author

E - mail: thanhns.geo@lqdtu.edu.vn
DOI: 10.46326/JMES.2022.63 (1).05



54 Tap chi Khoa hoc K§ thuit M6 - Pia chat Tap 63, Ky 1 (2022) 53 - 62

Tap chi Khoa hoc Ky thuat Mo - Pia chat

Trang dién ti: http://tapchi.humg.edu.vn

Mo phéng su chuyén dong vé tinh vién thdm duwa trén dir liéu
phan tir hai dong ho tro tim kiém cttu nan trén bién
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Tir khéa:

Phin tir hai dong,
Quy dao vé tinh,
Tim kiém ciru nan,
Vé tinh vién tham.

Ngay nay, céng nghé vé tinh vién thdm da dwoc ting dung trong nhiéu linh virc
phat trién kinh té xa hoi, trong dé c6 linh vure tim kiém ctbu nan trén bién. Cdc
hé théng c6 sw tich hop céng nghé vé tinh vién thdm da gitip cdc hoat ddng
tim kiém ctru nan nhanh chéng, chinh xdc va hiéu qud hon. Véi cdc hé thong
tim kiém citu nan trén bién, viéc mé phéng chuyén dong vé tinh vién tham la
mot nhiém vu quan trong. Diéu ndy gilp cdc co’ quan chirc ndng co thé xdc
dinh va Iya chon ngudn dir liéu dnh vé tinh vién thdm phtt hop, nhdm hé tro
qud trinh xw Iy, khoanh viing tim kiém ctru nan trén bién. Tuy nhién, & Viét
Nam viéc xdc dinh ngudn dir liéu dnh vé tinh cho cdc tinh huéng tim kiém ciru
nan con gdp khé khdn. Béi vdy, nhém nghién ciru da xdy dy‘ng chwong trinh
mé phdéng chuyén dong vé tinh vién thdm dua trén di liéu phdn tir hai dong.
Ddy la ngudn di¢ lidu da dworc ste dung trong nghién civu thién vin hoc. Churong
trinh ndy s€ mé phdng cdc quy dao vé tinh trong thoi gian thwc va & thoi diém
bdt ky. Két qud ddnh gid do chinh xdc ctia viéc mo phdng quy dao vé tinh da
duorc so sdnh véi cdc hé thdng truec tuyén theo doi vé tinh vien thdm trén thé
gidi. Két qud nghién ciru cho thdy viéc mé phdng quy dao vé tinh dd ddm bdo
do chinh xdc.

© 2022 Trwong Pai hoc Mo - Pia chit. T4t ca cac quyén dwoc bao dam.

1. M¢& dau

g dung dir liéu TLE trong nghién ctru sw chuyén
dong cua cac vat thé xung quanh trai dat. David va

Sw chuyén dong cia vé tinh c6 thé dugc dy doan,
mo phdng lai dwa trén dir liéu tip phan t& hai
dong (Two Line Element - TLE). Pay la dinh dang
dit liéu ma hoa danh sach cic phan tir quy dao cua
vat thé quay quanh Trai dat tai mot thoi diém nhat
dinh. Hién nay, c6 nhiéu cong trinh khoa hoc da
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Paul (2012) da thuc hién nghién ctru tong hop vé
tng dung, thuc hanh di liéu phan t& hai dong
trong thién van hoc. Aleksander va nnk. (2016) da
trinh bay phwong phap phan tich TLE nham nang
cao kha nang dw doan su va vao nhau cda cac doi
twong hay cac sw kién khdéng gian bén ngoai trai
dat. Szabo va nnk. (2019) da sit dung MATLAB
Live Editor dé tinh toan quy dao vé tinh nhé dwa
trén dir liéu TLE. Ngoai ra con ké dén cac nghién
cru khac nhw Tom va nnk. (2007); Tim va nnk.
(2008); Shkelzen va nnk. (2010).
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Trong tim kiém ctu nan, chwong trinh mé
phoéng su chuyén dong vé tinh vién tham c6 vai tro
quan trong trong viéc xac dinh, cung cip hinh dnh
thoi gian thyc. Py la phin hé khong thé thiéu
trong cac hé thong thong tin tich hgp tim kiém ctru
nan. Ttr ndm 1985, cac quéc gia nhw Canada, Phap,
Nga va My da phéi hop, thanh l1ap hé thong vé tinh
Cospas - Sarsat nham thu nhan cac théng tin bao
dong c4p ctru va thong tin vi trf tai nan trén khip
thé giti, phuc vu dc lwc cho cong tac tim kiém ctru
nan. Hé thong Cospas - Sarsat str dung vé tinh quy
dao cuc tim thap két hop véi vé tinh quy dao dia
tinh mang lai d6 tin cdy, ting cwdng kha ning ho
tre téi da cda hé thong trong cong tac tim kiém
ctu nan (Jesse, 2013; Shkelzen va nnk, 2010).
Hinh 1 1a m6 hinh téng quan cta hé thdng Cospas
- Sarsat. Chang va nnk. (2002) da nghién cttu va
xay dung cac quy dao vé tinh vién thdm cn trai
dat bang cach str dung dir liéu TLE va GPS do Bo
Chi huy Phong khong Bac My (NORAD) cung cAp.
Stefan va nnk. (2007) da trinh bay viéc xay dung
nhanh ban dd hd tro quéan ly thdm hoa va khiing
hoang dya trén dir liéu vé tinh da ngudén dwoc thu
nhén tir hé thdng gidm sat cac vé tinh quan sat trai
dat ctia trung tAm théng tin x Iy khiing hoang cia
Pirc, nham ho tro cho cac nhiém vu xt¥ 1y cac tinh

hudng thién tai 16m, cac hoat dong cru tror nhin
dao quéc t& nhw séng thin & An Po dwong, 1ap ban
do6 chay rirng cho B6 Pao Nha, danh gia déng dat
¢ Pakistan,.. Francesco va nnk. (2015) da thuc
hién du 4n nghién ctru nhdm danh gi4 tinh kha thi
ctia mot hé théng dé theo doi cac ludng nhap cuw &
Nam Dia Trung Hai bang cich dwa vao dit liéu dnh
vé tinh vién tham mién phi va thwong mai thoi
gian thwc. Nguon dir liéu nay dwoc xac dinh dwa
trén cac quy dao cia vé tinh vién tham.

O Viét Nam, cac nghién ctru lién quan téi sy
chuyén déng clia vé tinh vién tham chwa nhiéu.
Bui va nnk. (2018) da thuc hién nghién ctru, danh
gia kha nang phoi hop chup anh ctia cac hé théng
vé tinh nho dwa trén dir liéu TLE, thtr nghiém véi
vé tinh VNREDSat - 1 va BKA. Muc dich ctia nghién
ctru la lam giam thoi gian chup ldp lai va tang dién
tich phd trum trong theo doi, giam sat cac doi
twong trén bé mat trai dat, dac biétla cac tham hoa
tw nhién hay nhan tao.

Hién nay, Bién DPong 12 mét trong nhirng
tuyén dwong hang hai quan trong nhit thé gidi.
bay ciling 1a khu vuc c6 lwong tau ca hoat dong
déng dao. Vi vay, viéc nang cao chit lwong, hiéu
qua cbng tac tim kiém ctru hd cliu nan cé y nghia
hét strc quan trong. Thoi gian gan day, trén ving

TOGNG QUAN HE THONG COSPAS-SARSAT

Phao v tuyén
phat cudc goi
cép cuu

2

Hinh 1. Téng quan hé théng COSPAS-SARSAT.
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Bién Pong s6 vu tai nan, sy ¢d trén bién gia ting
do thién tai, cac hoat dong hang hai, khai thac hai
san, dau khi, du lich, qu6c phong - an ninh,... Ngé
(2019) da bao cdo trong hoi nghi cong tac tim
kiém ctru nan trén bién, trong 8 thdng ddu nam
2019, toan quoc xay ra 514 vu vGi 2742 nguwoi,
317 phwong tién gap nan, lam chét 57 nguwoi, mat
tich 101 nguwoi, bi thwong 141 nguwdi va chim 132
phwong tién. Céng tac tim kiém ctru nan da ctu
dwoc 431 vu/véi 2584 nguwoi, 1472 phwong tién.
Bd&i vdy, hiéu qua cua cong tac tim ki€ém ciru nan
trén bién c6 y nghia rit quan trong, gitip dam bao
an toan con ngwoi, tai sdn va an ninh quoc gia trén
bién. Viéc irng dung khoa hoc Ky thuét, dac biét la
cong nghé vé tinh vién tham c6 y nghia quan trong
do cdng tac tim kiém ctru nan hién nay & cac co
quan chinh pht con gap nhiéu kh6 khan. Viéc
nghién ctru, m6 phong sw chuyén dong ctia vé tinh

vién thdm 12 quan trong; diéu nay sé xac dinh
ngudn dit liéu hop 1y, nham gidm sét, danh gia, tim
clru clru nan,...

2. Dir liéu va phwong phap nghién ciru

2.1. Tap phadn tir hai dong

Tép phan tir hai dong (TLE) bao gom cac phan
t&r ma ASCII hai dong v&i 69 cdt, c6 thé dwoc st
dung cung v&éi mo hinh quy dao SGP4/SDP4 cua
NORAD nham xA4c dinh vi tri va vin t6c cia vé tinh
(David va Paul, 2012). Bang 1 thé hién thong tin
cua cac treong dir liéu TLE cta tram vii tru quoc
té. Trong tip phan t hai dong, cic ky tw hop 1é
bao gom cac s6 0+9, cic chir cai viét hoa A+Z, ddu
cham, diu cach va cic diu cong va trir (Lihua va
nnk., 2016). Hinh 2 la di liéu TLE d6i v&i tram vii
tru quoc té.

Bdng 1. Théng tin cdc trwong die liéu TLE ctia tram vii tru quéc té.

Dong tiéu dé
Trwong| Cot N6i dung Vidu
1 |01:24 Tén vé tinh ISS (ZARYA)
Dong thit nhit

1 01+01 S6 dong 1

2 03+07 S8 hiéu vé tinh 25544

3 08+08 Su phan loai (U=Chwa dwoc phan loai, C=da phan loai, S=bdo mit) U

4 10+11 M3 dinh danh qudc té (2 s6 cudi cia nim phéng vé tinh) 98

5 12+14 M3 dinh danh qudc t€ (s6 phong vé tinh clia ndm) 067

6 15+17 M3 dinh danh qudc t€ (s6 hiéu phong clia vé tinh) A

7 19+20 | Thoi di€ém tham chiéu tip hop tham s6 qui dao (Epoch) (2 s6 cudi clia ndm) 98

8 21+32 Epoch (ngay trong ndm va phin phin sé 12 thoi gian trong ngly 264.51782528
9 34+43 Pao ham cip 1 ctia chuyén déng trung binh -00002182
10 | 45-52 Pao ham cip 2 ctia chuyén déng trung binh 00000-0
11 |54+61 Thuat ngir BSTAR drag -11606-4
12 | 63+63 | Kiéu Ephemeris (st dung ndi bd - ludn bang 0 védi dir liéu TLE dwoc phan phdi 0
13 | 65+68 S6 tap hop phan t 292
14 169+69 M3 kiém tra dit liéu (phép dw cho 10) 7

Dong thit hai

1 01+01 S6 dong 2

2 03+07 S6 hiéu vé tinh 25544

3 09+16 D6 nghiéng 51.6416

4 18+25 Xich kinh do 2474627
5 |27:33 P§ léch tam 0006703
6 |35+42 Tham s6 cta Perigee 130.5360
7 44+51 Di thwdng trung binh 325.0288
8 |53+63 Chuyén ddong trung binh (s8 vong quay mdi ngay) 15.72125391
9 64+68 S6 vong quay tai thoi diém epoch 56353
10  69+69 M3 kiém tra dit liéu (phép dw cho 10) 7
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ISS (ZARYA)
1 255441 980674

88264 .51782528 -.@0882182 cO0Bee-08 -11686-4 @ 2027

2 25544 51.6416 247.4627 @Be67e3 138.5366 325.8288 15.72125391563537

Hinh 2. Di¥ liéu TLE d6i véi tram vii tru quéc té.

2.2. Phwong phdp nghién ciru

Phwong phap nghién ctru dwoc thuc hién dua
trén nghién ctiru ly thuyét cic dinh luét Kepler vé
chuyén dong thién thé va cdc mo hinh nhiéu loan
rat gon (Simplified perturbations models - SGP)
két hop véi nghién ctru tng dung cac nén tang ho
tro xtr Iy thién van va hé thong tin dia ly. Nha thién
van hoc ngwoi Brc Johannes Kepler (1571 - 1630)
phét hién ra rang cac hanh tinh chuyén dong theo
quy dao elip hon 1a qui dao tron va cac yéu t6 anh
hwdng tdi quy dao bao gom: do nghiéng quy dao,
xich kinh d0, chuyén déng trung binh, d6 léch tim,
di thwong trung binh (Flemming, 2001). Theo
Dinh luit Kepler, chuyén dong trung binh cta vé
tinh dwoc tinh theo cong thirc (Flemming, 2001):

w2 =1 )
r

Trong dé: v - van toc cta vé tinh (m/s), G -
hing s6 hip din G = 6.67408 X
10" Nm?kg~2; M - khéi lwong clia trai dat M =
5.98 X 10%*kg; r - khodng cAch tlr tAm trai dat t6i
vé tinh (m).

Chu ky la khoang thoi gian cia quy dao vé
tinh xung quanh trai dit dwoc cung cip boi cong

thirc:
T3
T =21 |— (2)
"JGM

Do 1éch tam dworc tinh theo cong thirc:

e= |[1-—= (3)

b - ban truc nho, a - ban truc 1én. Di thwong
trung binh dworc tinh theo cong thirc:

2m(t — t0)
M=—— - 4
7 (4)
Di thwdng léch tAm dwgc tinh theo cong thirc:
E =M+ e xsin(E) (5)

Dit liéu TLE dwoc xay dung dya trén mo hinh
nhiéu loan rit gon nham xac dinh trang thai tai

thoi diém can quan tAm. M6 hinh nhiéu loan rut
gon la mot bé gbm ndm mo hinh toan hoc (SGP,
SGP4, SDP4, SGP8 va SDP8) dwgrc st dung dé tinh
toan vecto trang thai quy dao ctia vé tinh va manh
v& khong gian so véi hé toa d6 quan tinh hwéng
tAm trai dat. Tap hop cdc mo hinh nay thwong
dwgc goi chung 1a SGP4. Cac mo hinh nay sé dw
doan anh hwéng ctia cac yéu t6 nhiéu loan do hinh
dang, luc can, btrc xa va lwc hap dan cta Trai dat
gy ra tlr cic thién thé khac nhw mat troi va mat
trang. SGP ap dung cho cac vat thé gan trai dat véi
chu ky qui dao nhé hon 225 phit. M6 hinh nhiéu
loan khong gian sau rut gon (Simplified Deep
Space Perturbations - SDP) ap dung cho cac vat
thé c6 chu ky quy dao 16n hon 225 phit, twong
g véi do cao 5.877,5 km. M6 hinh SGP4 c6 sai s6
x4p xi 1 km theo epoch va ting & mirc 1+3 km mobi
ngay. Epoch 1a thoi diém ma cac thong tin vé quy
dao (van tdc, toa dd) cua vat thé duoc thu nhan.
M6 hinh SGP dau tién dwoc Kozai phat trién vao
nam 1959, dwoc Hilton va Kuhlman hoan chinh
vao nam 1966 va ban dau dwoc str dung boi Trung
tAm Kiém soat Gidm sat Khéng gian Quoc gia (sau
dé6 la Mang lwédi Gidm sat Khong gian Hoa Ky) dé
theo doi cac vat thé trén quy dao. Tai mdi epoch,
mo hinh SDP4 c6 sai s6 khong qua 10 km tai epoch
(Lihua va nnk, 2016).

D& mo phéng sw chuyén dong vé tinh vién
tham, nhom tac gia da tich hop cac thw vién
Skyfield va MapWinGIS. Trong dé, Skyfield la thw
vién hd tro xtt ly thién vian dwoc viét bang ngoén
ngit python. Skyfield h6 tro kha ning tinh toan vi
tri ctia cac ngoi sao, hanh tinh, vé tinh xung quanh
trai dat. Véi sw ho tro clia Skyfield, két qua xtr ly,
tinh toan céc vi tri vat thé xung quanh trai dat c6
do sai khac so véi tinh toan do Pai quan sat Hai
quian Hoa ky cung cdp ndm trong khoang
0,5x10~% arcseconds. MapWinGIS 12 mo6t nén
tang C++ ma nguon m¢ dwoc st dung dé lap trinh
cac wng dung vé hé thong tin dia ly. Thw vién
MapWinGIS hd tro 14p trinh cic ngdn ngir nhw C#,
Visual Basic, nham hién thi dit liéu khong gian dia
ly va twong tac voi cac nguén dir liéu khac nhau.
MapWinGIS ho tr¢g hdu hét cac dinh dang vector,
raster dwoc cung cap béi thw vién GDAL.
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Tap dir liéu TLE ctia Danh sach | | Thoi gian Theri
cac vé tinh vien tham cacvétinh || thy chinh | |gian thuc

(TLE) (resource.txt) vién tham

Div liéu TLE cia Xtr 1y cau tric thong
vétinh A tin dir lieu TLE

[ Théng tin vé khu vic J

Xay dung quy
daovétinh A
(shapefile)

tim kiém ctru nan

do6 (kinh 4o, vi do) va

. - %, ™
Tinh toan chuoi toa
do cao clia vé tinh A )

Xac dinh nguon dir liéu M6 phong
n dnh vé tinh phit hop hé [+——|chuyén déng ctia
tre tim kiém clru nan vé tinh (2D)

Hinh 3. M6 hinh mé phdng sw chuyén déng vé tinh vién thdm dua trén di liéu TLE.

Bdng 2. Tdp phdn ti hai dong ciia mét sé vé tinh vién thdm.

Ténvé tinh | Qudcgia Dit liéu TLE
SPOT 7 Phap 140053U 14034A 21006.84395187 -.00000004 00000-0 88821-5 0 9995
240053 98.1594 76.5199 0001636 89.7568 270.3813 14.58570201347322
LANDSAT 8 Hoa Ky 139084U 13008A 21006.86666013 .00000055 00000-0 22299-4 0 9999
239084 98.2046 79.8071 0001149 88.8187 271.3143 14.57119406408496
VNREDSAT 1 Viét 139160U 13021B 21006.86105677 .00000088 00000-0 26346-4 0 9996
Nam 239160 98.1312 86.6639 0001197 100.7903 259.3425 14.62942248409624
AR 140697U 15028A 21006.89982786 .00000025 00000-0 26201-4 0 9990
SENTINEL 2A | Chau Au 240697 98.5678 84.1981 0001277 100.9535 259.1781 14.30816781289553
SPOT 6 Phap 138755U 12047A 21006.87809221 -.00000011 00000-0 74262-5 0 9997
2 3875598.2238 76.5186 0001346 101.0045 259.1297 14.58544356443393
AR 1420630 17013A 21006.86484157 .00000037 00000-0 30883-4 0 9995
SENTINEL 2B | Chau Au 242063 98.5696 84.1622 0001067 81.2333 278.8961 14.30816124200460
KOMPSAT 5 Hér,l 1392270 13042A 21006.79216435 -.00000035 00000-0 18027-5 0 9991
Quoc 239227 97.6220 194.2256 0002240 79.7883 95.6619 15.04510016405097

Dua trén viéc két hop nghién ctiru co sé khoa
hoc ly thuyét chuyén dong vé tinh vién tham két
hop v&i nghién ctiru img dung cac thw vién hd tror
Xt ly thién vin, biéu dién dir liéu, @ hoa khong
gian dia ly, nhom tac gia da xay dwng mé hinh mé
phoéng sw chuyén dong vé tinh vién tham dua trén
dit liéu TLE nham hd tro tim kiém ctru nan trén
bién nhw Hinh 3. Pau vao cia mo hinh bao gom:
tdp dit litu TLE cua vé tinh vién tham
(resource.txt) va thoi diém cin md phdng sw
chuyén dong cta vé tinh vién tham.

Vé&i mo hinh nay, cac bwée chinh dwgc thuc
hién nhuw sau:

- Poc dir liéu tir tAp resources.txt nham trich
xuatditliéu TLE ctia vé tinh vién tham. T4p dit liéu
resources.txt sé dwoc cap nhdp lai tir dia chi

https://celestrak.com. Bang 2 la danh sach TLE
clia mot s6 vé tinh vién tham, dwoc cap nhap ngay
16/1/2021.

- Lwa chon thoi diém mo phong sy chuyén
dong cua vé tinh vién tham. Thoi diém nay c6 thé
dworc thiét 14p tuy chinh hodc theo thoi gian thuec.

- Xtr Iy ciu tric thong tin di liéu TLE: 14y cac
thong tin cin thiét nhw: chu ky vé tinh (period), do
cao vé tinh (altitude),...

- Thuc hién chuyén doi, tinh toan ra toa do
(kinh do, vi dd) theo cac buérc nhay1a 1 gidy nham
tao ra mot tip danh sach cac diém.

- Xay dung quy dao vé tinh dang line va
polygon tlr tAp cac diém vi tri (dd dwoc xac dinh &
trén). Quy dao polygon chinh la dwong dai quét
cda vé tinh. D€ xay dung dwong dai quét vé tinh
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(ché d6 nadir), cAn phai tinh toan buffer sang moi
bén tinh tr duwong quy dao: buffer = line +
swath/2.

- Lap trinh v6i thw vién MapWinGIS dé biéu
dién dwdng quy dao, dai quét vé tinh cling nhw mé
phong chuyén déng ctia vé tinh theo thoi gian.

- K&t hop thong tin vé khu vyec tim kiém ctiru
nan (pham vi tim kiém ctru nan) v&i chwong trinh
md phéng s chuyén ddng cta vé tinh vién tham
sé xac dinh dwoc vé tinh nao bay qua khu vuc can
tim ki€m ctru nan, tir d6 ho tro viéc xac dinh cung

Eritr

L DiiBouri - femen

Ethiopia

Sohalia
%

Tgrands

Ee
[ i Tiya
5 Seychelles
Tanzania .
Eritis
Seychelles

Malawl Comoros

Moz awhioquie
wahbtie
L

azidand
el

uritius

c4p nguon di liéu anh vé tinh cho hop ly nham ho
tror viéc xac dinh déi twong trong tim kiém ciu
nan.

3.Két qua

Két qua nghién ciu 1a nhom tac gia da xay
dwng dwoc chwong trinh mé phong sy chuyén
dong ctia vé tinh dya trén tap ditliéu TLE. Chwong
trinh c6 kha nang:

- Tinh toan toa do, van tdc, d0 cao ctia vé tinh
vién tham tai thoi diém hién tai, thoi diém qua khi

India
Maparma v
1
Srpilanka
I Mal
‘N REDSAT-1 =i

Indian Oceanh Territory

Ch

Hinh 4. M6 phéng sw chuyén déng ctia vé tinh vién thdm VNREDSAT 1.

Brunei

1
iz] - 75 -

‘..’.;g'NREDSAT-1

Hinh 5. M6 phdng mét doan ddi quét ctia vé tinh vién thdm.
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cling nhw kha nang du doan. Cac vé tinh vién tham
nay duoc cung cip bdi NORAD, gobm 399 vé tinh.

- Xdy dung quy dao vé tinh theo chu ky
(period).

- M6 phdng sw chuyén déng ctia vé tinh (dang
2D). Hinh 4 m6 phdong sw chuyén dong ctia vé tinh
VNREDSAT - 1 tai thoi diém 16/1/2021 6:21:7 am
UTC.

- M6 phong su chuyén dong va dai quét ctia vé
tinh (dang 2D). Hinh 5 m6 phdng mot doan dai
quét ciia vé tinh vién thaAm VNREDSAT 1 (ché do
nadir).

b€ danh gia d6 chinh xac, nhom tac gia da
thiét 1ap danh gia két qua thu nhin dwoc so v&i
nguétn di¥ liéu tr dia chi NY20
(https://www.n2yo.com). NY20 cung cip kha
nang theo doi thoi gian thuc va dw doan duwong
quy dao ctia vé tinh. NY20 m6 phong quy dao phud
1én trén nén ban d6 Google Map. Pay 1a mét trong
nhitng dia chi mé phdng truc tuyén cac vé tinh
dwoc danh gia cao. Viéc danh gia dwa trén cac tiéu
chi vé d6 cao, vi tri (kinh d6, vi o). Bang 3 1a két
qua so sanh sai s6 gitra viéc tinh toan gitra dia chi
NY20 véi két qua nghién clru cia cic vé tinh
VNREDSAT 1, Landsat8, Sentinel 24, Sentinel 2B,
SPOT 6, SPOT 7. Trong dé ki hiéu Ad; 1a d0 chénh
khoang cach ngang; Ad;, do chénh cao.

4. Thao luin

Ttr két qua nghién ctru, nhom tac gia rut ra
mot sé nhan xét nhw sau:

- Chwong trinh dwoc tao ra da cho thay tinh
linh déng trong mo6 phong sw chuyén dong cia vé
tinh vién thdm so véi mot s6 chwong trinh md
phong quy dao vé tinh trwc tuyén nhw NY20 nhw
kha nang thé hién pham vi dai quét ciia quy dao vé
tinh, kha ning biéu dién quy dao vé tinh & thoi
diém bat ky...

- Tlr Bang 3, tinh toan dwgrc gia tri trung binh
cda do léch khoang cach ngang (Ad;_meqn) va do
chénh cao ctia vé tinh (Adj_meqn) (Bang 4). Két
qua cho thay d6 1éch vé vi tri (d6 léch ngang) va do
1éch cao gilta hai chwong trinh tinh toan la kha
nha.

- bé danh gia chi tiét vé d6 1éch nhom tac gia
da tinh todn tai 21 thoi diém khac nhau giita
chwong trinh tinh toan dwgc thyce hién béi nhém
tAc gid v&i chwong trinh NY20 ddi véi vé tinh vién
thdm VNREDSAT 1. Két qua thu dwoc nhw trén
Hinh 6. Hinh 6 thé hién bi€u d6 vé dd chénh léch
tinh todn, v&i ¢t mau xanh la dd 1éch ngang, cot
mau cam la d6 1éch cao. Truc ngang la khoang cach
thoi gian tinh todn (don vi la giay). Truc doc la
khoang cach (don vi km). Tinh toan theo trung

Bdng 3. Bdnh gid két qud so vdi trang n2yo.com.

NY20 Két qua nghién ciru Danh gia
Tén vé tinh Thoi gian a | o . | PO cao R i ~ | Pécao | Ad, Ady,

(UTC) Vido | Kinh do (km) Vido | Kinhdd (km) | (km) | (km)

VNREDSAT 1 | 2021-6-110:20:29 | 19,04 | 112,71 | 685,77 | 18,983 | 112,701 | 685,761 | 6,39 | 0,009
VNREDSAT 1 | 2021-6-1 10:38:25 | -46,02| 96,95 | 701,96 | -46,021 | 96,946 | 701,976 | 0,39 | 0,016
VNREDSAT 1 | 2021-6-110:40:39 | -53,9 | 93,62 | 705,19 | -53,962 | 93,593 | 705,227 | 691 | 0,037
Landsat8 | 2021-6-110:42:20 |-45,68| 89,13 | 720,73 | -45,743 | 89,111 | 720,773 | 7,16 | 0,043
Landsat8 | 2021-6-110:47:59 |-65,51| 77,81 | 728,14 | -65,509 | 77,811 | 728,16 | 0,12 | 0,02
Landsat8 | 2021-6-110:48:49 |-68,32| 74,81 | 72895 | -68,318 | 74,809 | 728969 | 0,23 | 0,019
SENTINEL 2A | 2021-6-1 10:49:54 | 29,96 | 104,99 | 792,3 | 29,957 | 104,995 | 79229 | 0,54 | 0,01
SENTINEL 2A | 2021-6-110:50:51 | 26,6 | 104,1 | 791,83 | 26,594 | 104,105 | 791,825 | 0,762 | 0,005
SENTINEL 2A | 2021-6-1 10:44:45 | 48,07 | 110,93 | 795,83 | 48,068 | 110,931 | 795,819 | 0,193 | 0,011
SENTINEL 2B | 2021-6-1 10:46:27 | -42,26 | -71,27 | 805,61 | -42,199 | -71,287 | 805,596 | 6,87 | 0,014
SENTINEL 2B | 2021-6-1 10:51:51 | -23,24 | -76,75 | 797,88 | -23,180 | -76,769 | 797,867 | 6,903 | 0,013
SENTINEL 2B | 2021-6-1 10:52:54 | -1946 | -77,68 | 796,56 | -19,460 | -77,675 | 796,566 | 0,504 | 0,006
SPOT 6 2021-6-110:55:15 | -29,45| 86,39 | 709,22 | -29,448 | 86,386 | 709,228 | 0,402 | 0,008
SPOT 6 2021-6-112:22:22 | 1283 | 71,14 | 699,74 | 12,829 | 71,139 | 699,736 | 0,115 | 0,004
SPOT 6 2021-6-112:25:12 | 2,55 | 68,82 | 700,36 | 2,5477 | 68,921 | 700,359 | 11,23 | 0,001
SPOT 7 2021-6-110:57:01 | 34,64 | -95,01 | 701,76 | 34,699 | -95,027 | 701,759 | 6,77 | 0,001
SPOT 7 2021-6-112:12:33 | -49,33 | -98,69 | 717,78 | -49,271 | -98,709 | 717,776 | 6,62 | 0,004
SPOT 7 2021-6-112:23:53 | -8,49 | -109,86 | 70242 | -8,4876 | -109,86 | 702,427 | 0,39 | 0,007




Nguyén Sdch Thanh va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 63 (1), 53 - 62

Bdng 4. Ddnh gid vé dj léch trung binh.

. Do chénh khoang cach ngang (Ad,;) D6 chénh cao (Ad}y)
Tén vé tinh
- Adl—max Adl—min Adl—mean Adh—max Adh—min Adh—mean

VNREDSAT 1 6,91 0,39 4,56 0,037 0,009 0,021
Landsat 8 7,16 0,12 2,53 0,043 0,019 0,027
SENTINEL 2A 0,762 0,193 0,498 0,011 0,005 0,042
SENTINEL 2B 6,903 0,504 4,76 0,14 0,006 0,092
SPOT 6 11,23 0,115 3,916 0,008 0,001 0,004
SPOT 7 6,77 0,39 4,59 0,007 0,001 0,003

50

20

111 176 210 251 31

m B4 léch ngang (km)

353 426 466 534 597 667 T45

805 845 898 969 1014 1067 1151

Bd chénh cao (km)

Hinh 6. Dg léch cao va dd chénh ngang dworc tinh todn giika ny2o0 va nghién ciru.

binh, d6 léch ngang la 6,3 km va d6 chénh cao la
0,025 km.

- Chwong trinh mé phoéng cé giao dién tiéng
Viét va khong can két néi internet, tinh toan dwoc
quy dao vé tinh trong quéa khit, hién tai va du bao
twong lai. Chwong trinh van dang dwoc nhém tac
gia tiép tuc phat trién dé hoan thién thém mét
chtrc nang nhw dwa ra thir ty wu tién cta dir liéu
anh vé tinh khi cin tim ki€m cttu ho cttu nan trén
bién, xuit thong tin bao co,...

5. Két luin

T4ap dir liéu phén t&r hai dong thudong dworc ste
dung dé ma hda cac thong tin quy dao lién quan
t&i cac vat thé quay quanh trai dat, trong dé c6 cac
vé tinh vién tham. Véi viéc tich hop cac nén tng
phat trién rng dung ma nguén mé nhw Skyfield,
MapWinGIS...va cac ngon ngir lap trinh nhw C#,
Python, nhém tac gia da xay dung dwgc chwong
trinh mé phéng sw chuyén dong clia vé tinh vién
tham duya trén tip dit liéu tip phin t&r hai dong.
Chuwong trinh mé phong quy dao nay khong chi
biéu dién vi tri ctia vé tinh tai thoi gian thue ma

con thé hién dugc do rong dai quét ca vé tinh hay
vi tri ctia vé tinh tai thoi di€ém bat ky. Diéu nay cé
gia tri y nghia thuc tién cao, b&i day sé la mot trong
nhitng thanh phdn quan trong trong hé thong
thong tin tich hgp ho trg tim kiém ctru nan trén
bién dwa trén cac nén tang cong nghé dia khong
gian nhu vién tham, hé thong tin dia ly ma nhém
tac gia sé tiép tuc phat trién trong thoi gian téi.
Loi cam on

Nhom tic gid cdm on sw tai tror vé Kinh phi tir
dé tai nghién ctru ctru khoa hoc cidp Bd Quoc
Phong, ma s6 2018.73.041; su tao diéu kién cta
B0 mon Trac dia Ban do - Vién K§ thut cong trinh
Dic biét - Hoc vién Ky thuit Quin sy dé nghién
ctru nay dwoc tién hanh thuén loi.

Poéng gop caa cac tac gia

Nguyén Sach Thanh - muc dich nghién ctru,
pham vi nghién ctru, phwong phap va cac két qua
dat dwoc; Lé Vii Hong Hai - phwong phap luin,
phan tich dir liéu; Poan Van Chinh - danh gig, so
sanh két qua nghién ctiru.
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