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Tom tit: Ky thudt do cao vé tinh (Satellite Altimetry) IA Mot trong nhitng ky thudt tric dia khong
gian trong lic vé tinh tién tién nhat hién nay. Ky thudt do cao vé tinh duwoc iing dung dé xdc dinh hinh
dang — kich thude Trdi dat, trueong trong lee Trdi dat, nghién ciru bé mdt Geoid... Ngodi ra, nd con
duoc dp dung trong nhiéu linh vuc khoa hoc kj thudt nhw Hai dwong hoc, Kj thudt Bién, Qudn Iy Tai
nguyén Moi truong, Trdc dia Bién, Dia vit Iy... V&i muc tiéu bdo vé chii quyén bién ddo va chién
lwoc phat trién kinh té huong ra bién cia Viét Nam hién nay, ky thudt do cao vé tinh la mgt cong cu
ddc liee can chii trong nghién ciu va phét trién. Trong bai bao, chlng t6i trinh bay vé lich sir phat
trién ciia kj thudt do cao vé tinh va nhitng thanh qua da dat dieoe, nguyén Iy hoat déng ciia do cao vé
tinh, dong thoi phdn tich cdc nguén sai sé trong do cao vé tinh.

1. Lich sir phat trién va nhirng thong s6 ky
thuit ciia cac thé hé vé tinh hién nay

Xac dinh hinh dang trai dét, trudng trong luc
trai dat 1a mot trong nhitng nhiém vu quan trong
cua Tric dia. Nhu da biét, dién tich dai duong
chiém hon 70% bé mit Trai dat, do do cong tac
nghién ciru dai duong bang cac thiét bi ky thuat
dat trén tau thuyén khong thé thuc hién duoc
V6i quy mo toan cau. Vi vay, ¥ tudng vé do cao
V€ tinh ndy sinh tor nam 1969, do W.M. Kaula -
mot GS Tric dia vat ly- d& xuat. Sau do, vao
ngay 14/5/1973 co quan Hang khong vii truy My
(NASA) da phong thanh céng vé tinh do cao
dau tién véi tén goi “Phong thi nghiém khong
gian” — SKYLAB. Trai qua thoi gian hon 30
nam, nhiéu nudc da lan lugt phong cac vé tinh
thé hé tiép theo, chu yéu cta cac co quan Hang
khong vu tru My, co quan Hang khong v tru
Chau Au (ESA) va co quan Hang khéng vii tru
Phap (CNES).

Céc thé hé vé tinh do NASA phong bao gom
vé tinh dia cau GEOS-3 (1975), vé tinh nghién
ctru Bién SEASAT (1978), vé tinh thuc hién cac
nhiém vu Tric dia GEOSAT (1985), nhiém vu
cta 3 thé hé vé tinh ndy chu yéu 1a nghién ciu
Tric dia Bién, nghién ctru bé mit Geoid, khoi
phuc truong trong luc Bién, trong d6 s6 lidu do
vé tinh GEOSAT cung cip c6 thé tinh toan di
thuong trong luc v&i1 do chinh x4ac 3mgal.

Cac thé hé vé tinh do ESA phong bao gom vé
tinh vién tham thé hé 1 ERS-1 (1991) vé tinh

vién tham thé hé 2 ERS-2 (1995). Nam 1992 hai
co quan hang khong vii try NASA va CNES
phdi hop phong thanh cong vé tinh nghién ciru
dia hinh mat bién TOPEX/POSEIDON (T/P).
Trén hai vé tinh T/P va ERS-2 c¢6 mang theo
nhiéu thiét bi quan tric vién tham, trong d6 c6
cac thiét bi dinh vi toan cau GPS, va thiét bi k¥
thuat nghién ctru mo hinh trong truong trai dat
(JGM-3, EGM), vé do chinh x4c do do cao co
thé dat toi cm, do phan giai cia cac dai quét 1a
10km. Nhiém vu cha yéu ciia vé tinh T/P 1a lam
tang do chinh xac xac dinh dia hinh, dong luc bé
mit bién, nghién ciru cac dong Hai luu trén toan
cau. Do chinh xac xac dinh do cao khi sir dung
s6 liéu tring ldp ciia nhiéu chu ky qua nhiéu
nam tinh toan co thé dat duoc 3cm.

Hién nay, thé hé sau ciia vé tinh GEOSAT 1a
Geosat Follow On (GFO) dugc phong 1én quy dao
vio nam 1998, thé hé sau ctia v¢ tinh T/P 1a Jason-
1 phong nam 2001, nam 2002 v¢ tinh thé hé sau
cua ERS-1/2 la ENVISAT-1 ciing da phong thanh
cdng. CAc Vé tinh nay dugc phong nhim giai
quyét da muc tiéu nhu nghién ctu dy béo vé El
Nino, La Nina va Hai bang, nghién ctu thanh lap
ban d6 Bién, nghién ctu thuy vin, quan ly Tai
nguyén Mbi truong Bién, giam st tau thuyén, ing
dung trong quan ly khai thac Nong Lam Ngu
nghiép, giam sat canh bao thién tai I lut, 0
nhiém... C4c théng s6 ky thuat vé cac thé hé vé
tinh va nhiém vu Tréc dia co ban cta cac thé hé vé
tinh nay dugc trinh bay trong bang 1.
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Bang 1:Cdc théng so co ban va nhiém vu Trdc dia ciia cdc thé hé vé tinh

o Thong s6 quy dao | Thoi | D6 chinh L s .,
Thé hé vé| Co quan Thgl gian — Goc gian YAC XAC Muc dlCP va 'pha.lfl Vi sur
. ., |phong Ién| Do cao o N . n dung d6i v&i nhiém vu
tinh chu quan U9 dao (km) nghiéng [trung lap| dinh d6 nahién ciru tri dat
e () | (ngay) | cao (cm) :
i Thyc nghiém nguyén ly,
Skylab NASA | 73.05.14 | 425 50 e 85-100 nghién ciru mat GEOID
Nghién ctru GEOID, Téc df
Geos-3 NASA | 75.04.09 840 115 2 2550 |gi6, song bién, Hai bang, Hai
luu
Seasat | NASA |78.06.28| 800 | 108 | 317 | 20-30 |Ngnien ciu GEOID, toc do
gio, Hai luu
Nghién cfrg GEOID, dia
Geosat | U.S.Navy | 85.03.15| 800 108 23/17 10-20  |hinh mdt bién, gidm sat hoat
dbng trén bién
Nghién ctru dia hinh mat
ERS-1 ESA 91.07.17 | 785 98.5 |3/35/168 10 bién, hoat dong trén bicn,
Moi truong Bién, Hai bang
NASA Nghién ctu GEOID, Dia
T/P 92.08.10 | 1336 66 10 6 hinh mat bién, Chuyén dong
CNES A \ .
tuan hoan dai duong
Nghién ctru dia hinh mat
ERS-2 ESA 95.04 785 98.5 |3/35/168 10 bién, hoat dong trén bicn,
Mai truong Bién, Hai bang
Nghién ciru  GEOID, dia
GFO | U.S.Navy | 98.02.10 | 800 108 17 —— |hinh mét bién, hoat dong
trén bién
NASA Po cao so voi mét nudc biép,
Jason-1 2001.12 | 1336 66 10 2.5 dia hinh mat bién, chuyén
CNES A A \ X
dong tuan hoan dai duong
Envisat-1| ESA | 2002.02 | 799.8 | 98.5 35 — |Nhu ERS-12, dong thoi
gidm sat moi truong bicn
Nghién ciru dia hir]h mét
ICEsat ESA 2003.01 | 590 94 183 4.5 bién, Méi truong Bién, Hai
bang, may
NASA Po cao so voi mat nude biép,
Jason-2 2008.06 | 1336 66 10 2.5 dia hinh mat bién, chuyén
CNES A A \ .
dong tuan hoan dai duong
Nghién ctru dia hinh mat bién,
Cryosat-2| ESA 2010.04 | 717 92 369 25 M trung Bién, Hai bang

2. Nguyén ly hoat dong ciaa ky thuit do
cao vé tinh

Nguyén ly hoat dong chinh cta ky thuat do cao
vé tinh dua trén nguyén ly bai todn vat ly tinh
quang dudng khi d4 biét van toc va thoi gian:

At
p= 0-7 (1)

Tir vé tinh c6 lip dat thiét bi phat di tin hiéu
rada dang xung (tan sé 13.5 GHz) [1] dén bé bat
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nudc bién, sau d6 song xung nay phan hoi lai hé

thong s& xac dinh dugc thoi gian lan truyén, biét

dugc tdc do lan truyén xung, hoan toan co thé

tinh dugc khoang cach tir vé tinh dén bé mit
phan hoi (xem hinh 1).
Pé tinh khoang cach tir mit nudc bién dén bé

miat Ellipsoid trai dat. nguoi ta sa dung cong
thirc sau [1]:

h=r—p-r.+Cq

(2)



¢ V@ tinh S

7 Mitbién
tuc thcn

Hinh 1

trong do:

h: 1a khodng cdch tir mdt nuwée bién tirc thoi
dén bé mat Ellipsoid.

r: 1a ban kinh quy dao vé tinh.

p: 1a khodng cdch tir bé mat nuée bién tirc
thoi dén vé tinh.

re: la bdn kinh vector diém xét trén mdt
Ellipsoid.

Cr: 1aS6 cdi chinh chuyén re Vé véi phwong
Cua r, duoc tinh theo cong thuec:

r r .
C,=-E|1--E |e*sin(2
R 8|: r:| ( §05)

Trong cOng thic (2a): e la do det cua
EIIIpSOId @s 1a Vi dg cia vé tinh thoi diém xét.
Luuy rang e rat nho ma ban kinh quy dao vé
tinh lai rat 16n nén Cg tinh theo (2a) s& rat nho,
do vay s6 cai chinh Cr chi dung trong phén tich
ly thuyét. Chiing ta c6 thé tinh h bang cong thirc
thuc nghiém sau:

h=r —py —Tc +Ar+Ap (3)

Céc tham sb trong ccong thie (3): Ar la
sai S0 quy dao, A, la sai SO tri quan trdc, pops 12
tri quan trdc truc tiép tir bé mdt phan xa dén
thiét bi dat trén Vé tinh, r. 1a khodng cdch tir vé
tinh dén tam trdi dat, cé thé tinh toan dwoc nho
cac thong so lich vé tinh {Xs(t), Ys(t), Zs(t) hodc
B(), Li(9), H(0)} [1, 4] |
Mat khac khoang cach mat nudc bién tic
thoi dén bé mat Ellipsoid con cd thé duoc tinh

(22)

theo cdng thirc sau:

h=N+{+{, +7+wW 4)

Trong cdng thic (4): N la dé cao ciia bé mdt
Geoid, ¢ la khodng cdch tir mdt nude bién trung
binh dén mat Geoid, & 1a khodng cdch tir mdt
nudc bién tirc thoi dén mdt mede bién trung
binh. 7 1& 6 hiéu chinh thity triéu, w 14 S6 hiéu
chinh khi twong tong hop cia séng, gié va khi
quyén... [1].

Can cur vao cong thue (3) va cong thire (4) ta co:

l—Pos — e TAr+Ap=N+{+{ +7+W

Néu nhu thay he = I¢- pops - I'e ta s€ duoc:

h,=N+{+{, +t+W—-Ar—-Ap

Trong d6 he 1a d6 cao mat nudc bién, trong
cong thire (6) néu thay N = No+AN+AN® [2]
chlng ta co:

h, =Ny +AN® + AN+ + &, +7+W—Ar—Ap

Ta cting c6:

Ah=h —N

Thay cong thire (8) vao céng thirc (7) ta duoc:

Ah =AN°+AN° +¢& + ¢ +1+W—Ar—Ap

Trong cbng thiac (9) Ah la chénh cao mat
bién, duing trong tinh toan xir 1y s6 liéu dia hinh
mit bién, day ciing 14 md hinh toan hoc co ban
cua k¥ thuat do cao vé tinh. Cac tham s chinh
trong cong thirc da thé hién duge mot sb loai sai
s6 anh huong dén tri do, tuy nhién van chua bao
gom anh huéng cta cac yéu tb vat 1y khac.
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3. Phan tich anh hwéng clia cic ngudn sai
so trong k¥ thuit do cao vé tinh

Nguyén ly ciua do cao vé€ tinh la dung séng
Rada, song Rada lan truyén trong khong gian &
dd cao cach mat phan xa hang nghin km s& la
nguyén nhan sinh ra céac nguon sai s6 ‘do mdi
truong, ngoal ra con ké dén cac sai so do ky
thuat thiét ké ché tao hé thong va CaC yeu td vat
ly khac. C6 thé phan loai cac nguon sai sO trong
do cao vé tinh thanh 3 loai: Sai s6 do k¥ thuat
thiét ké hé thong; Sai sé quy dao vé tinh; Sai s6
do mdi truong.

3.1. Sai s do ky thudt thiét ké hé théng

Sai s6 do k¥ thuat thiét ké hé thong 1a sai s6
khéng thé tranh khoi cta cac nganh k¥ thuat noi
chung va k¥ thuat do cao v¢ tinh noi riéng, bao
gom nhitng ngudn sai s6 sau:

- Sai léch do hé théng giam sat: Trong thiét
ké tinh toan va gidm sat do cao cia quy dao vé
tinh nguoi ta ding mot loai song phan hdi lién
lac gifra tram giam sat mat dat va vé tinh, tuy
nhién do sy ly tan song phan hoi dan dén sai
Iénh d6 cao quy dao vé tinh.

- Sai s6 do méo tin hidu: Cuong do va tdc do
clia tin hiéu phat di va thu vé khong gidng nhau
do anh hudng cua bo diéu khién va tinh toan cua
thiét bi gay ra.

- Sai s6 do ddng ho.

Sai s6 tong hop cua thiét ké hé thong trong
do cao v¢€ tinh hién nay khoang 2-3cm.

3.2. Sai s6 do quy dao vé tinh

Quy dao vé tinh khi van hanh thyc té s¢ khong
thé duoc nhu thiét ké vé goc nghiéng, do cao... do
su sai léch gitra toa do vé tinh {Xs(t), Ys(t), Zs(t)
hodc Bs(t), Ls(t), Hs(t)} tinh toan theo lich vé tinh
va toa do thuc té cua nd. Pay 1a nguyen nhan truc
tiép va ciing co anh hudng 16n nhat dén két qua
cla tri do cao vé tinh. Sai s6 quy dao v¢ tinh chu
yéu phan 1am ba loai: Sai s6 ban kinh quy dao, Sai
s6 khi ap, Sai sd do anh hudng cua thiy triéu.

Nguyén nhan gay ra sai sb quy dao vé tinh 1a do
trong truong trai dat, do khi ap, do hién twong
thiy triéu va luc hit gitta cac hanh tinh... 1am cho
toa do cua Vvé tinh thuc té va toa do cua vé tinh
tinh todn theo lich vé tinh c6 sai léch. Tl cac thé
hé vé tinh dau tién nhu SKYLAB, GEOS-3,
SEASAT dén cac thé hé gin day, sai s nay da
giam duoc dang ké, dic biét 1a v6i thé hé vé tinh
Topex/Pseidon thi sai s6 nay chi con vai cm va cé
thé 1am giam nho nita khi str dung phan mém c6
chtrc nang hau xu 1y [3].

3.3. Sai s6 do méi trwong

Tin hiéu Rada truyén tir vé tinh dén bé mit
phan xa va phan hdi lai, d4 lan truyén qua ting
dién ly, tang d6i luu, tiép xtc véi song bién... la
nguyén nhan gay ra loai sai s6 ndy. Sai s6 do moi
truong chii yéu dugc phan 1am 3 loai: Sai s6 anh
hudng cta dién tir, Sai s anh hudng cua ting dién
ly, Sai s6 do anh hudng cta tang ddi luu. Ngudn
sai s6 nay d6i voi cac thé hé vé tinh sau nay da
duoc cai thién dang ké. V&i cac phan mém moi
ding md hinh toén thdng ke, sai s nay co thé
giam xudng dang ké chi con 1cm [3, 4].

Tri do cao vé tinh bi anh hudng cua rat nhiéu
loai sai s, dé ung dung duoc trong thuc té can
hiéu chinh tri do, lic nay dé tinh toan khoang
cach tir vé tinh dén bé mat Ellipsoid chang ta
dung céng thirc sau [4]:

H=p+h, +Ah +Ah +Ah, +Ahg. AR +AN +&
trong céng thac (10): H 1a khodng cdch tir vé
tinh dén mat Ellipsoid, p |a tri quan trdc, ho 1
dé cao dia hinh mdt bién so véi mat Ellipsoid,
Ahgg 12 sai s6 quy tam thiér bi, Ahy, 12 sai s6 do
may mac, Ah, 1a sai 6 do khi dp, Ahepias 12 sai
6 dién tir, Ahg 12 sai s6 do mdt geoid, Ah;1a sai
s6 do Thuy triéu, €14 cac sai s khdc.

Mot sb loai sai sb cu thé cia cac thé hé vé
tinh do cao duoc théng ké trong bang 2.

Bang 2: Mot so loai sai so cua cdc thé hé vé tinh (don vi cm)

. 2 The hé v& tinh Geos-3 |Seasat |Geosat |ERS-1/2 Top_ex/
Sai so Poseidon
Rung lic 50 10 5 3 <2
Do thiét bi Sai s thiét bi 7 5 3-5 2
Sai s6 dong hd 5ms | 3-5ms | 1-2ms <lms
Do mdi trudng Sai s6 EM 10 5 2 2 <2
Sai s méo tin hiéu 2 1 1 1 1
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A The hé vé tinh Geos-3 |Seasat |Geosat |ERS-1/2 Top_ex/
Sai so Poseidon
Sai s6 do tang dbi luu 5 4 2 2 2
Sai s6 do tang dién ly 2-3 | 2-3 2-3 2-3 1
Truong trong luc gay ra 50 25 15 15 <2
Buc xa khi ap 15 10 6 <2
Khi quyén 15 10 6 <2
Quy dao vé tinh Hang s6 GM 2 1
Thuay tricu 12 5 5 <2
Tang d6i luu 5 4 2 1
Vi tri tram quan sat 10 5 3 1

4. Két luan

KV thuat do cao vé tinh hién nay da dat duoc
nhiéu thanh tyu vuot bac, nhu tng dung lién hop
s6 liéu ctia vé tinh Jason-1 va Envisat-1 dé xac
dinh truong trong hre Bién trén pham vi todn cau
dat d6 chinh xac 3mgal - 5mgal [1, 6]; hay
nghién ctru tng dung lién hop s lidu cia nhicu
thé hé vé tinh do cao trong xay dung mo hinh
QuasiGeoid 2000 ¢ Trung Qubc v6i do chinh xéac
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1dm [1]... Tuy nhién ¢ Viét Nam, do cao v¢€ tinh
la k§ thuat kha moi mé. Piéu nay dit ra sy can
thiét nghién ciru vé 1y thuyét xur 1y s6 liéu ciing
nhu kha ning (mg dung trong diéu kién nudc ta.
Dic biét can di siu nghién ctru phuong phép xir
ly két hop sb liéu cta cac thé hé vé tinh do cao
V6i s6 liéu trong lec miat dat va sé liéu GPS thuy
chuan trong xac dinh mé hinh thiy triéu, mé hinh
Geoid, trudng trong luc Trai dat.
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Abstract:
HISTORICAL DEVELOPMENT AND PRINCIPLES
OF SATELLITE ALTIMETRY - ANALYSIS OF ERROR SOURCES

Doan Van Chinh —Master Student in Wuhan University, China
Bui Thi Kien Trinh — Geomatics centre, Water Resource University, Vietnam

Satellite Altimetry is one of the today's most advanced satellite gravimetry geodesy techniques.
It has a history of development since 1969. From 1973 to present there are eight generations of
satellites in orbit have been launched. Satellite Altimetry has wide applications in areas such as
geodesy, oceanography, geophysics, environmental management. In the process of industrialization
and modernization of Vietnam, various sectors including Satellite Altimetry should be invest in
research and development. In this paper, we study the principles of Satellite Altimetry, as well as

analyze sources of error of Satellite Altimetry.
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