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Xay dwng Quasigeoid cho khu virc Viét Nam trén co s két hop
mo hinh trong truwong vé tinh GOCE, EGM2008 va so6 liéu GPS -

thdy chuan
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THONG TIN BAI BAO TOM TAT

Qud trinh: Theo xu hwéng nghién ctru hién nay trén thé gici, viéc xdy méiva hoan thién
Nhéan bai 04/06/2019 hé dé cao phdi dwa trén mdt geoid/quasigeoid dé chinh xdc cao, tir dé xdy
Chdp nhan 10/08/2019 dung nén tdng dp dung céng nghé do cao GNSS. Bai bdo trinh bay nghién
bang online 30/08/2019 cttu, ddnh gid do chinh xdc ctia cdc mé hinh thé trong trudnmg toan cdu tir dir
Tir khéa: liéu vé tinh GOCE va EGM2008. Ttr d6, két hop cdc hé s6 ham diéu hoa bdc

GPS - thily chuin
Do cao chudn

thdp ctia mé hinh trong trwong vé tinh GOCE véi bdc cao ctia mé hinh
EGM2008 ciing nhw dir liéu GPS - TC trén 155 diém dé cao hang I Nha nuéc

Quasigeoid da xdy dung moé hinh quasigeoid cho khu vuc Viét Nam va ving lan cdn véi
Hon Dau do chinh xdc #8,2 cm.
© 2019 Truwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.
vé dat nuéc.
1. M¢é dau Hé d6 cao hién nay chwa dap rng dwoc yéu

Hé d6 cao qudc gia Viet Nam bat dau dwoc xay
dung tlr nhitng ndm 60 cda thé ky trueéc dwa trén
mat nwéde bién trung binh ca Tram nghiém triéu
Hon D4u - Hai Phong phat trién thanh cdc mang
lwdi cac diém d6 cao & cac cAp hang khac nhau trai
dai tir BAc vao Nam. Trong nhitng ndm qua, Hé do
cao Quoc gia Viét Nam giir vai tro quan trong trong
viéc thanh 13p hé thong ban d6 va co s dir liéu,
phuc vu phat trién cac linh vuc cla nén kinh té
quoc dan, gop phan vao sw nghiép xay duwng va bao

*Tdc gid lién hé
E - mail: vhccbd@gmail.com

cau ap dung cong nghé hién dai GNSS trong tinh
hinh m&i. D€ dwa thiy chuin vé tinh vao 4p dung
doi héi phai xay dwng dwoc mo hinh quasigeoid do
chinh x4c cao va gin trén n6 hé do cao twong trng.
Vi thé, nganh Po dac va Ban d6 da dwoc Nha nwéc
dau tr dé xay dung mo hinh quasigeoid dé tirng
buédc rng dung thiy chuin vé tinh thay thé thiy
chuén truyén théng. Nam 2005, Vién nghién ctru
bia chinh da xay dwng mo hinh geoid cho phan luc
dia Viét Nam trong dé tai “Xay dung co s& dir liéu
trwong trong lwc toan ciu, thiét lap mo hinh geoid
d6 chinh xac cao trén lanh thé Viét Nam phuc vu
nghién ctru hoat dong ctia Trai dat va doi maéi cong
nghé do cao bang hé théng dinh vi toan cau”
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(Lé Minh, 2005). M6 hinh geoid nay dwgc xay
dung trén co s& stit dung EGM96 két hop véi hon
15000 diém trong lwc trén phian dat lién Viét Nam
va dwoc lam khép bdi 90 diém trong tong s6 210
diém GPS - thdy chuin (GPS - TC) tin ciy. Tt cac
diém trong lwc lanh thé Viét Nam dworc chiara 9
vung khac nhau véi cac cdch mé hinh hoa thanh
grid khac nhau dé phu hop v6i tirng viing. Sau dé
gop ca 9 vung lai thanh grid 3’x3’ di thwong trong
Iwc duy nhit theo nguyén tic 14y gia tri trung binh
& khu vuc cac vung phu 1én nhau va danh gia sai
s6 mo hinh trong lwc khodng 3,4 mgal. Tt grid di
thuong trong lyc tinh ra geoid véi do 1éch khi so
sanh v&i cac diém GPS - TC 1a 0,439m. Sau khi st
dung 90 diém GPS - TC dé 1am khép mo hinh geoid
trong lwc, mo hinh lam khép dwoc danh gia béi
120 diém GPS - TC con lai va cho sai s6 trung
phwong trung binh la 0,387 m vé&i cach lam khép
tuyén tinh va 0,255 m véi phwong phap lam khép
Kriging (Lé Minh, 2005). M6 hinh dwoc xay dung
c6 do chinh xac khdng cao va chwa tin ciy do nhiéu
nguyén nhan, tiéu biéu nhu: st dung mé hinh
EGM96 c6 do chinh xac chwa cao, cac diém GPS -
TC st dung c6 do chinh xac khong cao nhw da
trinh bay trong bdo cdo cda tac gid (Lé Minh,
2005).

Nam 2010, hai phwong an xay dwng geoid
trén lanh thé Viét Nam do hai co quan khac nhau
1a Cuc Po dac va Ban d6 Nha nwéc va Trung tim
Vién tham qudéc gia dong thoi dwoc thong bao
hoan thanh (Trung tAm Vién thAm Qudc gia, 2010;
Trung tAim Kiém dinh chit lwgng san phdm Do dac
va Ban do, 2011).

Mo hinh geoid do Cuc Po dac va Ban d6 Nha
nuwédce dwoc xay dung st dung 816 diém GPS - TC
trong mang lwdi diém d6 cao hang [, I1, I1I trén lanh
thd Viét Nam theo 2 phwong phap: phwong phap
song va phwong phap phan dw st dung mé hinh
tién nghiém EGM2008. Theo danh gia trong “Bao
cdo tong két ky thuat (BCTKKT)” cia don vi thuc
hién, m6 hinh xay dung theo phwong phap phan
duw dat dwoc do chinh xac tét hon mo hinh xay
dung theo phwong phap séng. P 1éch mo hinh da
x4y dung khi so sanh v&i 48 diém GPS - TC trong
mang lwéi dd cao hang cao Nha nwéce: & khu vye
dong bang dat dwgc 6,3 cm, vung ndi 5,3 cm.
Trong bao cio két qua kiém tra nghiém thu san
phdm cta Trung tdm kiém dinh chat lwgng san
pham Do dac va Ban d6 b6 sung danh gia mé hinh
bang 74 /136 diém dia chinh co s& (PCCS), dd 1éch

mo hinh so véi dir liéu do GPS - TC1a 7,8 cm.

M5 hinh geoid cia Trung tAm Vién thim Quéc
gia xy dung bang dir liéu GPS - thuy chuln - trong
lwc (GPS - TC - TL), trong d6 st dung hon 14000
diém trong lwc két hop mé hinh EGM2008 va
duoc 1am khéop bang 576 diém GPS - TC. Con lai
240 diém GPS - TC dung dé kiém tra. Két qua thu
duoc 1a do 1éch gitra m6 hinh da xdy dwng va dir
liéu GPS - TC kiém tra 1a 8,2 cm. Panh gid m6 hinh
geoid GPS - TC - TL bang 74 diém DCCS cho d¢ 1éch
trung phwongla 8,2 cm.

Mot s6 van dé ton tai & cdc md hinh nay da
dwoc cac nha khoa hoc chi ra khi xem xét ca hai
mo hinh dwa vao duwdng dang tri, nhan thiy khu
vure ngoai lanh thd c6 dot bién bat thwong, trong
d6 mo hinh VNGeoid GPS - TC sy bat thuong 16n
xudt hién & vung ria. Viéc dit liéu cta Viét Nam
nam trong mot dai hep kéo dai theo hwéng Bic -
Nam nén néu x Iy khong phu hop, sé dan tdi hién
twong & vung c6 dir liéu dat do chinh xac nhit
dinh, nhung cang xa cang léch hodac mé hinh sau
khi 1am khép sé bi nghiéng & khu vuc Bién Dong
va trén lanh thd cac nuwdc lang giéng nhw Lao,
Campuchia. D€ minh chirng, dwdi day dwa ra cac
hinh dnh so sdnh m6 hinh VNGeoid GPS - TC v&i
mo hinh Geoid EGM2008.GGF ctia hang Trimble
va véi md hinh Quasigeoid EGM2008 dwoc nang
1én ngang diém gbc d6 cao Hon Dau (Hinh 1).

bé xay dung mé hinh quasigeoid v&i do chinh
xac cao theo phwong phap trong lwc doi hoi phai
c6 dir liéu trong lwc do chinh xac cao véi mat do
dam bao theo tirng do phan giai. Tuy nhién khé
khan trong do dac va chi phi do cao, dac biét 1a khi
do trén vung bién va vung ndi cao. Déng thoi, div
liéu trong lwc trén ldanh thé cac nwéc xung quanh
Viét Nam chwa thu thap dworc. Vi vay viéc xay dung
quasigeoid trong luc trén lanh thé Viét Nam gap
nhiéu kho khan.

Hién nay dd c6 nhiéu mo hinh thé trong
trweong toan ciu xay dung trén co s& cac dir liéu
do cao vé tinh (altimetry), do trong lwc vé tinh
(CHAMP, GRAGE, GOCE,...) va dit liéu do trén bé
mat Trai dat (ESA, 2011; Franz, 2013; Website
ICGEM; Website ESA; Website NGA). M6 hinh thé
trong trirong toan cau hién nay dworc cung cip chi
yéu & dang khai trién ham diéu hoa, mét s6 mo
hinh con dwoc cung cip dwdi dang lwdi. Nhw da
trinh bay & (Vi Hong Cuwong, 2013; Vi Hong
Cuwong, 2014) cac m6 hinh thé trong trwrong tir dw
an “GOCE” c6 do chinh xac cao hon so véi EGM
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2008 trén lanh tho Viét Nam. Tuy nhién d6 phan
gidi (phu thudc vao sé bic, hang cao nhat cia mo
hinh) ctia cdc mé hinh “GOCE” thip hon EGM
2008. Vi viy, cac tac gia nghién ctru viéc két hop
mo hinh thé trong trwong vé tinh GO_CONS_GCF_
2__TIM_R5 (viét tt 1a GOCE - TIM5) v&i cic hé s6
ham diéu hoa bac cao ctia mé hinh EGM 2008 v&i
muc dich tao ra m6t mo hinh méi véi do chinh xac
cao hon hai m6 hinh géc trén lanh thd Viét Nam.
Tr d6, st dung dit liéu GPS - TC dé€ 1am khép mo
hinh Quasigeoid.

2. Co’ sé phwong phap két hop mé hinh trong
trwdrng vé tinh GOCE va mo hinh EGM2008

DE nghién ctiru cic mé hinh thé trong truedmg
15m

10m

0.0m

theo bic khai trién da xay dung mét s6 chwong
trinh tinh toadn trén ngdén ngtt MatLab va str dung
cac diém GPS - TC trén lanh thé Viét Nam dé so
sanh, danh gia tuyét d6i cac mo hinh nhw Hinh 2.
Nhin thiy, trén lidnh thé Viét Nam do léch
chuin di thwong d6 cao cdc mo hinh so véi dir liéu
GPS - TC twong tw nhau véi cac bac ham diéu hoa
tir 0 - 120. Tirbaclén hon 120 cac m6 hinh cia dw
&n GOCE cho két qua tét hon mé hinh EGM 2008.
Néu tinh dén bic 250, m6 hinh GOCE - DIR4 va
GOCE - TIM4 c6 d6 1éch chuin so véi dir liéu GPS -
TC1a 24 cm, mo hinh EGM 2008 két qua 1a 36 cm.
D€ danh gia twong do6i cic mo hinh thé trong
trueong tac gia st dung hiéu div liéu trén cac cap
diém GPS - TC d€ so sanh v6i hiéu di thuwong

05m

-35m

Hinh 1. So sanh mé hinh VNGeoid GPS - TC véi mé hinh geoid EGM2008.GGF cua hdng Trimble trong TBC (a)
va v&i mé hinh quasigeoid EGM2008 da dwoc ndng 1én ngang véi diém géc do cao Hon Ddu (b).
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T
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Hinh 2. So sdnh dé léch chudn ctia di thwdong dé cao mé hinh so vdi dir liéu trén cdc diém GPS - TC va sai s6
toéng hop ctia cdc mé hinh thé trong truomg dy dn “GOCE” va mé hinh EGM 2008 theo bdc n, nét lién - do
léch chudn GPS - TC so v&i mé hinh, nét ditt - sai s6 téng hop ctia mé hinh.
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Hinh 3. Bdnh gid twong déi cdc mé hinh thé trong truong dw dn GOCE va EGM 2008 phu thudc vao
khodng cdch (km) giira cdc cdp diém GPS - TC.

dd cao tinh theo cdc mé hinh véi bac khai trién 16n
nhit. Hinh 3 két qua danh gia twong déi dworc tinh
toan phu thudc vao khodng cach giira cic cip diém
theo don vi ppm (1 phén triéu, twong &ng véi do
léch mm trén 1 km). Panh gia twong déi cho thay,
vGi khodng cach co sé giita cac diém ting tir 5 km
téi 800 km, do 1éch twong doi cua cac mo hinh
GOCE giam tir 12 ppm dén 0,4 ppm trong khi do
1éch twong d6i cia mo6 hinh EGM 2008 giam tir 9
ppm téi 0,4 ppm. Do léch twong doi cia cic md
hinh GOCE Ié6n hon EGM 2008 khi khoang cach bé
hon 90 km béi vi m6 hinh EGM 2008 c6 hé s6 khai
trién ham diéu hoa 16n hon (bac ciia ham diéu hoa
mo hinh EGM 2008 1a 2190 trong khi ciia GOCE -
TIM4 1a 250). Tuy nhién, néu khoang cach co s&
nam trong khoang tir 90 km dén 300 km cac mo
hinh GOCE cho két qua t6t hon. Diéu nay dwoc giai
thich b&i do chinh xac ciia cac hé s6 ham diéu hoa
cac md hinh GOCE cao hon EGM 2008. Tir nhitng
phan tich trén day, rat ra duworc:

- Cac m6 hinh thé trong trwong cia dw an
GOCE cho két qua tot hon EGM 2008 khi danh gia
tuyét déi. Trong d6, hai mo6 hinh GOCE - DIR4 va
GOCE - TIM4 cho két qua tot nhat véi do 1éch
chuén so véi dir liéu GPS - TC khoang 24 cm;

- So sanh twong ddi cho thdy EGM 2008 cho
két qua tét hon véi khoang cach coso tir 5 - 90 km
vi do phan giai cia mo hinh cao, nhwng tir 90 km
tré di cac mo hinh ctia GOCE cho két qua tot hon;

- Can st dung cac mo hinh ttr dw &n GOCE vao
viéc xay dung quasigeoid dia phwong cho ving
lanh thé Viét Nam.

3. Phwong phap va quy trinh xay dung mo
hinh quasigeoid cuc bg trén co’ sé sir dung mo
hinh két hop hé s6 ham diéu hoa

Mo hinh quasigeoid dwoc xtt ly theo so d6 quy
trinh lai ghép Hinh 4. Cac buérc thyc hién:

1) Chuln bi dit liéu

2) Lai ghép cac hé s6 ham diéu hoa cta cac
mo hinh toan ciu dé tao ra mé hinh dang lwéi phu
hop cho khu vic nghién ciru trong hé triéu lua
chon.

3) Loc sai s6 tho tir tAp hop cac dir liéu hién
c6: cac diém GPS - thiy chuin ... Tlr d6 14y khoang
1/3 s6 diém dé st dung cho viéc kiém tra.

4) Tinh todn mirc chénh thé trong trwong tai
diém goc d6 cao Hon DAu so v&i mic thé trong
trwong st dung trong mo hinh toan cau, tir d6 suy
ra murc chénh cao gitra ching.

5) Nanglwdi mé hinh toan ciu lén mot gia tri
c6 dinh cho pht hop véi méc dé cao Hon Dau, Viét
Nam.

6) St dung cac diém da dwoc loc (trir cac
diém dung dé kiém tra) dé tién hanh lam khép mé
hinh quasigeoid.

7) Kiém tra quasigeoid 1am khép bing cac
diém kiém tra.

8) Hoan tra lai gid tri chuyén doi gitra hé
triéu trung binh va hé triéu 0 dé xay dung mo hinh
quasigeoid thwc dung st dung cho cong nghé do
cao GPS.

9) Chuyén cac lwdi quasigeoid vé cic dinh
dang dé st dung trong cac chwong trinh chuyén
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M6 hinh trong hec Mb hinh trong hyc vé

todn ciu: EGM2008 tinh toan cidu GOCE
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Hinh 4. So d6 quy trinh lai ghép va xdy dwng mé hinh quasigeoid.

dung: & day sé chuyén vé dinh dang GGF dé dung
trong TBC.

Theo cac danh gia dwoc nhom tac gia thuc
hién, cAc mo hinh thé trong trwdng cia dw an
GOCE cho két qua t6t hon EGM 2008 khi danh gia
tuyét doi. béng thoi, khi so sanh twong doi cho
thdy EGM 2008 cho két qua tot hon véi khoang
cach cosétir 5 - 90 km vi do phan gidi cia mo hinh
cao, nhung tir 90 km tré& di cac mo hinh ctia GOCE
cho két qua tot hon. Ttr d6, nhan thay sw cin thiét
st dung cac mo hinh tir dw an GOCE vao viéc xay
dwng quasigeoid dia phwong cho vung lanh thd
Viét Nam va xuat hién y twdng st dung két hop cac
hé s6 ham diéu hoa ctia mo hinh GOCE v&i cac hé
s6 ham diéu hoa bic cao ctia cic mod hinh EGM
2008 dé c6 thé nhan dwgc mo hinh trong truedong
d6 chinh xac cao véi d6 phan gidi tot hon.

Co quan Vil tru Chau Au (ESA) nim 2015 da
cong b6 cac mo hinh thé trong treong méi thé hé
th 5 tir di¥ liéu vé tinh GOCE, trong dé mé hinh
GO_CONS_GCF_2_TIM_RS véi bac va hang hé so
ham diéu hoa cao nhat 280 dwoc xay dung chi st
dung dit liéu gradients trong luc vé tinh GOCE

(Website ICGEM; Website Nga). Qua danh gia dua
trén dit liéu hién c9, chting t6i thay mo hinh cé do
chinh x4c t6t hon cac mé hinh thé hé trwéc. Khi
tinh t&i bic cao nhat, mé hinh c6 do chinh xac
khoang 23 cm trén lanh thé Viét Nam.

DE phat trién viéc két hop hé s6 ham diéu hoa
ciia mo hinh trong lwc vé tinh va mo hinh trong luc
toan cau do phan giai cao theo phwong phap da
néu trong (Vii Hong Cwong, 2013; Vi Hong
Cuong, 2014), tién hanh lai ghép m6 hinh GOCE -
TIMRS véi EGM2008 bang cach st dung cac hé s6
ham diéu hoa bic va hang thap ctia GOCE - TIMR5
(t&i bac 280) va bac cao ctia EGM2008 (tir bac 281
téi 2190). M6 hinh lai ghép dwoc xdy duwng thanh
lwéi ma duge ky hiéu la TIMRS5EGM2008 nay vira
c6 duwoc wu thé vé do chinh xac hé s6 ham bac thap
ctia mo hinh GOCE - TIMR5, vira c6 dwoc d§ phan
giai cao ctia EGM2008. Kiém tra mo hinh
TIMR5EGM2008 trén cac diém do cao hang I Nha
nuwdc nhan duoc do 1éch trung phwong (STD) 17
cm. M6 hinh nay sé dwoc dung dé 1am khép véi di
liéu GPS - TC d€ nhan dwoc md hinh méi phtt hop
hon véi dir liéu mat dat.
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3. Két qua xay dwng mo hinh quasigeoid cucbg

Vi viée str dung két hop wu thé cuia ca caic mo
hinh trong trwong vé tinh tir dw an GOCE va md
hinh EGM2008, sau khi dwa m6 hinh quéc té vé
mo hinh cuc bd di qua Hon D4u bang cach thém
mot gia tri khdng doi, da c6 mo hinh khung véi do
chinh xac twong doi cao (17 cm) ma chwa st dung
bat ky sd liéu nao cta Viét Nam dé lam khép.
Chinh vi vdy, m6 hinh quasigeoid thu dwoc dwa
trén mo hinh trong trwomg két hop TIMRS
EGM2008 thu dwoc sé stt dung dé€ lam khép bang
cac diém GPS - TC dé nhan dwoc quasigeoid cuc bd
do chinh xac cao hon.

Dwa trén cac diém GPS - TC hang I, da tinh
dwoc thé trong truedng thure Wo ctia mét Geoid cuc
b6 trung v&i mét bién trung binh tai tram nghiém
triéu Hon DAu theo cac hé s6 ham diéu hoa ctia md
hinh trong treong EGM2008. Tir d6 tinh dworc gia
tri thé trong trueomg diém goc do cao Hon Diu la
Wo0=62636847.2042 m2.s - 2 theo md hinh
EGM2008 twong g véi do 1éch di thwong do cao
dwa trén mat geoid cuc b6 Hon Dau va mat geoid
qudc t&€ 12 0.899 m. Geoid qudc t&€ nhic dén & day
1a geoid c6 gia tri thé Wo=626636856.00 m2.s - 2
(Wo_EGM2008 + 62,636,856.0 m2.s - 2).

Trong qua trinh lam khép, do 1éch hé thong
gitra di thwong dod cao trong luc so véi dir liéu GPS
- TC dwoc xem la gia tri trung binh ctia d6 1éch trén
cac diém do cao hang cao. Thé nén, néu nhuw ¢

(a)

dwgc hé thong cac diém do cao tin ciy, c6 thé
khong cén thiét phai xac dinh chénh cao gitra mat
geoid cuc b Hon D4u va mat geoid quoc té. Vi thuc
té khi lam khép, gia tri trung binh d6 1éch gitra dir
liéu GPS - TC va dit liéu quasigeoid trong luc
(chinh 1a d6 léch giita quasigeoid cuc bd va
quasigeoid toan cdu) sé dwgc tinh ra va hiéu
chinh. Ngoai ra, mét phan sai s6 md hinh
quasigeoid trong lwc c6 thé dwoc hiéu chinh bang
viéc tim ra twong quan gitra ching. Diéu nay cho
phép xdy dung mé hinh quasigeoid trong luc
“twong thich” hon véi dit liéu GPS - TC dugc dwa
vao dé lam khép bang phwong phép collocation
(Tscherning, 1994).

Mot diéu can lvu y 1a 2 lwdi sau lam khép
cung st dung mot tip hop diém GPS - TC nhung
nhan dwoc bang hai cach: Lam khép tir mé hinh
TIMR5EGM2008 toan ciu va lam khép tir mo hinh
TIMR5EGM2008 cuc bd di qua Hon Diu (da ning
mo hinh toan ciu 1én mic di qua goc dd cao Hon
D4u) khi so sanh thi khong cé gi khac biét. Biéu
nay c6 nghia 13, néu ching ta c6 tip hop diém GPS
- TC dd chinh xac cao, thi hoan toan c6 thé lam
khép tryc ti€p mé hinh toan cdu ma khéng can
biét miirc chénh hé thong gitra mit quasigeoid
toan cau va quasigeoid cuc bé Hon Diu vi thuc té
hién nay thé Hon Dau dang dwgc tinh théng qua
cac diém do cao Nha nudec.

Hinh 5 thé hién hon 200 diém GPS trung thuy
chun hang I dwgc tAp hop, sip xép theo toa do.

(b)

Hinh 5. Vi tri cdc diém GPS-TC hang I diing dé lam khép (a) va kiém tra (b).
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Trong d6, 1dy 2/3 s6 lwong diém phuc vu lam
khép va 1/3 con lai la cac diém GPS - TC doc lap
dung dé kiém tra do chinh xac mo hinh sau lam
khép theo nguyén tic chia cho 3 tir trén xudng
duwdi dé tranh viéc thiéu khach quan trong chon
diém. Nhu vay, c6 155 diém GPS - TC dwoc st
dung dé lam khép va 78 diém dé kiém tra. Vi tri
cac diém GPS - TC phuc vu lam khép va kiém tra
dwoc biéu dién & Hinh 5a va Hinh 5b.

Két qua mé hinh quasigeoid xay dung trén co
s& mo hinh két hop TIMR5EGM2008 va 155 diém
GPS - TC 1am khép dwoc biéu dién nhw Hinh 6.

Khi ndi suy ngwoc lai gia tri ctia 155 diém da
dwa vao lam khép, nhan dwoc do 1éch trung binh
bang 0, d6 l1éch trung phwong 1a 0.003 m, do léch
lém nhitla 0.008 m va nho nhitla- 0.011 m chirng
t6 thuit toan lam khép twong déi tot.

So sanh trén 78 diém kiém tra doc 1ap (khong
dwa vao lam khép) nhan dwoc két qua nhw sau: do
léch 16m nhat 0.245 m, d6 1éch nho nhat- 0.175 m,

75m

50 m

23m —

-25m

-50m

0 km 500 km 1000 lkem 1500 km

dd léch trung binh 0.002 m va dd léch trung
phuong1a 0.082 m.

St dung b6 sung cac dir liéu GPS - TC trén cac
diém do cao hang II, hang III Nha nuéc dé lam
khép, nang tong s6 diém lam khép 1én 737 diém
(da bao gdbm 155 di€ém hang I). Khi ndi suy nguorc
lai gia tri di thwomg do cao cua 737 diém nay, két
qua 1a dd léch trung binh bang 0, do léch trung
phwongla 0.004 m, d6 1éch 16n nhit1a 0.021 mva
nho nhit la - 0.020 m. K&t qua nay cho thiy thuét
toan lam khép dam bao.

Khi duing 78 diém GPS - TC hang I kiém tra doc
13p, két qua la d6 1éch 16n nhat 0.204 m, do léch
nho nhit - 0.258 m, d6 1éch trung binh 0.004 m va
do léch trung phwong la 0.086 m. Piéu nay ngwoc
logic théng thwong vi ting s6 lwong diém lam
khép thi phai tang do chinh xac. Theo danh gia cta
cac tac gia, ly do nguwoc logic 1a vi chat lwgng dir
liéu GPS - TC tai cac diém hang II, hang IIl thip hon
cac diém hangI.

Hinh 6. Mé hinh quasigeoid str dung 155 diém GPS-TC lam khdp.
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D& minh chirng cho luin diém nay, c6 2 diém
can luu y trong két qua nghién ctru: Thi nhat, st
dung 582 diém hang II, III lam khép va cac diém
hang I déclap dé kiém tra. Két qua la trén cac diém
kiém tra, m6 hinh sau lam khép c6 do 1éch 16n
nhat 0.324 m, d6 1éch nho nhat - 0.256 m, do léch
trung binh 0.039 m va dd 1éch trung phwong la
0.102 m.

Th hai, ddnh gia twong déi gitra cac diém
hang II, Il v&i nhau va véi cac diém hang I, nhin
thdy c6 nhiéu c3p diém gin véi diém hang I, 111 ¢6
do léch trén 1 km rat 16m, trong khi khodng cach
gitta cap diém lai nhé. Hinh 7 biéu dién twong
quan do 1éch trén 1 km doi véi tirng cap diém.

Vi du cap diém III(BT-BC)8 va III(XH-BC)8 c6
danh gid twong d6i 54.85 ppm, twong &ng vai do
1éch 0.166 m cho khoang cach 3 km gitra cap diém.
Twong tw nhw vdy, cap diém III(BH-SL)8-1 va
III(MC-LS)11 c6 danh gid twong doi 33.21 ppm,
twong rng v&i do 1éch 0.277 m cho khoadng cach
8.3 km gitra cap diém. Cac cdp diém c6 do 1éch trén
1 km 16n trén 20 ppm la trén 60 cip (Hinh 7).
Dbanh gia twong d6i trén cac cip diém nay khong
chi c6 do léch 16n d6i véi moé hinh
TIMR5EGM2008 ma v&i cac mo hinh do phan giai
cao nhw EGM2008, SGG_UGM_1, EIGEN-6C4,
XGM2016... Biéu d6 1a minh chirng ré nhit cho
nhan dinh da néu.

55/
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So thu tu diem

5.Kétluan

Két hop cac bac thdp cia mé hinh GOCE-
TIMRS (t&i bac 280) va cac bac cao cia EGM2008
(tv bac 281 t6i 2190) tao ra mdé hinh
TIMR5EGM2008 sau d6 lam khép véi 155 diém
GPS-TC hang I nha nwéc da xay dwng dwoc
quasigeoid cho Viét Nam véi d chinh xac +£0.082
m.

Viéc str dung tang s6 lwong diém GPS-TC hang
II, Il vao lam khép lam gidm d6 chinh xac cia mé
hinh quasigeoid xdy dung vi chit lwong dir liéu
cua cac diém hang II, hang Il chwa ddm bao do
chinh xac nhw cac diém hang L.

Dé ting d6 chinh xac cia mé hinh quasigeoid
xdy dung trén co s& lam khép mo hinh tién
nghiém véi dir liéu GPS-TC, can b6 sung thém cac
diém GPS-TC c6 chat lwgng dit liéu cao hon.

Tai liéu tham khao
ESA, 2011. GUT User Guide and Algorithm
Descriptions.

Franz, B, 2013. Definition of Functionals of the
Geopotential and Their Calculation from
Spherical Harmonic Models.  Scientific
Technical Report STR09/02.

http://earth-info.nga.mil/GandG/wgs84/

800

400 500
So thu tu diem

Hinh 7. Ddnh gid twong déi twong quan do 1éch trén 1 km giiva cdc diém GPS - TC.
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ABSTRACT

Quasigeoid determination for Vietnamese area based on the GOCE
satellite geopotential model, EGM2008 and GPS - levelling data

Cuong Hong Vu 1, Thuong Men Thi Ngo 2

1 Department of Geodesy and Topography, Defense Mapping Agency/General Staff, Vietnam
2 Faculty of Surveying and Mapping Faculty, Hanoi University of Natural Resources and Environment

According to current research trends in the world, the construction and improvement of the vertical
datum system must be based on geoid/quasigeoid surface with high accuracy, thereby building a
foundation to apply GNSS high measurement technology. The paper presents research and evaluation of
accuracy of global gravity models from GOCE and EGM2008 satellite data. Since then, combining the low-
harmonic function coefficients of the GOCE satellite gravitational model with the higher order of
EGM2008 model as well as GPS - TC data of 155 the points of state grade I, which has built for the Vietnam
region and surrounding areas quasigeoid model with an accuracy of + 8.2 cm.



