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Tom tat::

Vigc tich hop dit ligu GNSS va do thiy chudn dé xdc dinh db cao 6 Viét Nam doi hoi mt mé hinh geoid chinh xdc. Nghién
ciu ny sur dyng dit liéu GNSS va hé thong moc thity chudan chudn dg cao de hiéu chinh céc mo hinh thé trong truong toan cau phu
hop véi hé quy chiéu di cao quoc gia (VN-2000). Ching t6i ddi hya chon 18 méce chudn dé cao Hang Itdp trung o viing dong bang Bic
Bg va tinh todn di thuong do cao thire 6N TC dya trén két qua GNSS (h) v di cao thity chuan (H). Di thuong do cao theo 5 mo hinh
toan cau (EGM2008, EIGEN-6C4, GECO, SGG-UGM-2, XGM2019e_2159) duoc tinh dya trén tham s6 gravimetry toan cau. S
khdc biétgiita N TCvaN G (mé hinh) duoc hiéu chinh bang phuong phép Molodensky 3 chiéu va da thire bic hai. Két qua dinh gic
cho thay mé hinh XGM2019e 2159 khi chua hiéu chinh ¢6 sai s6 nhé nhdt c6 véi d léch chuan STD 12.1 cm, twong tie nhue két qud
nghién citu trudie d6 ti Viet Nam. Sau khi hiéu chinh, tit ca m6 hinh déu dat d6 chinh xdc twong dirong véi sai s6 RMSE khodng 4-7
cm trén cde diém kiém tra. M6 hinh XGM2019e_2159 dat sai s6 RMSE thap nhat (~0,047 m). Nehién cinu chimg minh rang cdc mé
hinh Geoid todn cau béc cao, sau khi hiéu chinh sang hé quy chidu db cao VN-2000, c6 thé stk dung hiéu quda cho viéc xac dinh do cao
dya trén GNSS i Viét Nam.

Tir khoa: GNSS; thuy chun chinh x4c; geoid; do cao elip; d6 cao chinh (orthometric); hiéu chinh mo hinh; hérth(‘)ng do cao.
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Abstract:
Integrating GNSS and leveling data for height determination in Viemam requires an accurate geoid model. This study uses
GNSS observations and precise leveling benchmarks to adjust global geopotential models to the Vietnamese height datum (VN-2000).
We selected 18 first-order leveling benchmarks in the Red River Delta, computing the actual geoid height anomaly N_TC from GNSS
ellipsoidal heights (h) and orthometric heights (H). Geoid undulations N_G were computed from five global models (EGM2008,
EIGEN-6C4, GECO, SGG-UGM-2, XGM2019 _2159). Differences between N TC and N G were minimized using a 3D
Molodensky transformation and a second-degree polynomial fit. Results show that XGM2019e_2159 had the smallest initial residuals,
consistent with previous findings. After adjustment, all models achieve comparable accuracy (RMSE = 0.04—0.07 m) on independent
checkpoints. The adjusted XGM2019e_2159yields the bestperformance (RMSE=0.047 m). This demonstrates that high-degree global
models, when transformed to the VN-2000 datum, provide an effective solution for GNSS-based height determination in Vietnam.
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1. Mé dau

Trong do dac hién dai, hé toa d6 GPS/GNSS cung cép d6 cao elipsoid (do cao tric dia)
h rat chinh xac, nhung dé c6 duoc do cao chinh (orthometrlc height) H trén mat thuy chuan
thi can phai biét di thuong d6 cao N cua mat geoid [1]. O Viét Nam, hé quy chiéu d6 cao VN-
2000 duogc xac dinh boi mang luoi mdc thuy chudn chuan d6 cao qudc gia. Tuy nhién, trong
thuc té nhiéu mdc goc da bi hu hai hodc mat (do do6 thi hoa, bao lut, v.v.), gdy kho khan cho
viéc chuyén ddi tryc tiép tir 46 cao tric dia h sang do cao thily chuan H. Dé khic phuc, cac
mo hinh thé trong truong toan cau (Global Geopotential Models — GGM) nhu EGM2008,
EIGEN-6C4, GECO, XGM2019¢ 2159, SGG-UGM-2... c6 thé cung cép gia tri N; toan ciu
dé tinh H = h — N. Tuy nhién, cac m6 hinh nay thuong duoc xay dung tur dir liéu trong lyc
toan cdu va vé tinh, khong tring khép véi hé quy chiéu do cao dia phuong [2]. Do vay, can
phai thuc hién hiéu chinh m6 hinh (datum transformation) dé lién két N vo1 hé do cao VN-
2000. Cac nghién ctru gan day tai Viét Nam cho thly XGM2019¢ 2159 c6 do chinh xé4c cao
nhit va EGM2008 thap nhit dbi véi dit liéu GNSS/leveling [3]. Nghién ctru ndy trinh bay viéc
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su dung céc mbc GNSS/leveling chuan dé hiéu chinh va danh gia cdc GGM noi trén tai Viét
Nam, so sanh hai phuong phap hiéu chinh phd bién: bién d6i Molodensky 3 chiéu va da thic
bac hai.

2. Phuong phap nghién ctru

Trong GNSS/leveling, dd cao do dugc h 1a d0 cao elipsoid (WGS84) cua diém, con do
cao chinh H 14 chiéu cao trén mit geoid (thiy chudn). Hai hé d6 cao nay lién quan vé&i nhau
qua di thuong do cao N theo cong thirc:

H=h-N (1)

Cong thtc (1) cho biét dj thuong do cao N 1a do léch gitra mat elipsoid va mat geoid
tai diém xac dinh. Do cao h thu duge tir két qua do GNSS c6 d6 chinh xéc cao vi vay do chinh
xéc cua viée chuyén dbi nay phu thudc chu yéu vao gia tri N 1dy tir mé hinh geoid.

Trong cic md hinh geoid toan cau, mit geoid duoc xac dinh thong qua thé trong truong
toan cau W =V + 0, trong d6 thé hip din V duogc khai trién thanh cip bac cau (spherical
harmonics) v6i cac hé s6 Crypn, Sy thu duge tir dir liéu trong luc vé tinh va trong luc mat dat
[4] (twong tu cac cong thirc chuan trong dia khong gian). Vi dy, cic mo hinh méi nhét nhu
EGM2008 (bac 2190), EIGEN-6C4, GECO, XGM2019¢ 2159, SGG-UGM-2 (déu bic cao
~2190) dugc cung cép mién phi bdi GFZ-Potsdam, str dung két hop dir li¢u vé tinh
GOCE/GRACE va do trong lyc mat dat. Thong sé mot s6 mé hinh GGM bac cao hién nay
dugc tmg dung phd bién trén Vthé gioi dugc chira trong bang 1.

Bang 1: Danh sach mot s6 mé hinh Geoid toan cau, dwgc cung cap mien phi tai GFZ-Potsdam

Model n-max Data used Year
EGM2008 2190 Satellite (Grace) + terrestrial gravity + altimetry 2008
EIGEN-6C4 2190 Satellite (Goce, Grace, Lageos) + terrestrial gravity + | 2014
GECO 2190 altimetry 2015
XGM2019¢e 2159 2190 Satellite (Goce, Grace) + terrestrial gravity + altimetry 2019
SGG-UGM-2 2190 S(GOCO06s), Satellite (Grace) + terrestrial gravity + | 2020

altimetry
EGM2008, Satellite (Goce, Grace)

Tuy nhién, cac mo hinh nay “khéng phu hop hoan toan voi hé quy chiéu do cao
(datum) dja phuong” do dinh nghia datum khac nhau [3]. Do d6, dé tng dung ¢ Viét Nam véi
hé d6 cao VN-2000, gia tri N; tinh trt GGM can phai dugc hiéu chinh.

2.1. Higu chinh mé hinh Geoid todn ciu

Mot trong nhitng phuong phap hi¢u chinh mé hinh thuong dugc d4p dung & nhitng khu
vuc vira va nho 14 bién doi toa 6 ba chiéu Molodensky: cho phép diéu chinh tham sé (3 tinh
tién dX,dY,dZ, 2 gbc xoay Ty, 1y, va ti 1¢ m) dé néi mdc GNSS véi hé do cao thuy chuan.
Theo phép bién d6i khong gian 3 chiéu Molodensky, thanh phan N vaNg co thé duoc bicu
dién dudi dang cong thirc (2). Phwong phap nay tinh toan cac tham s6 theo nguyén 1y s6 binh
phuong nhd nhat sao cho N; sau hiéu chinh khdp nhat véi gia tri Nye do duoc (tir
GNSS/leveling).

Np. = Ng + cospcosA.dX + cosgsind.dY + sing.dZ +
Rye sm<pc03(p( sm)L rx + cosA.ry) + (H + a)Am (2)

Trong d6 cac 4n s6 bao gdm: 3 gia tri tinh tién (dX dY,dZ), 2 géc xoay (rx, ry) va ty 1€
Am. Céc g1a tri @, A, H1a toa d6 GNSS thu dugc tir két qua do GNSS, a 14 ban tryc 16n cua
Elipsoid, e 13 d6 léch tam binh phuong. Ry duoc xac dinh theo cong thuc:

Ry = \/ﬁ sing? (3)
Ngoal ra, co the st dung mo hinh da thirc bac hai 2 blen (d0 dai, vi do hodc toa dd mat
phang) dé xap xi mbi quan hé giita Ny va N;; sao cho sai s6 tdi thiéu (phuong phap pho bién
trong cac khu vuc nho)[5], cong thic (3). Sau khi hiéu chinh, s& thu duoc cac tham s6 chuyén
va co thé tinh N, hiéu chinh cho bét ky diém nao trong khu vurc.
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NTC = NG + a;o +’a1‘A(p + azAl + a3A(pA7\ + a4A(p2 + a5A/12 (4)

Trong cong thirc cac an s6 can phai xac dinh 1a (ao, a1, a2, as, a4, as).
Ap =@ = @o, AL =1~ Ao

e
EIGEN-8C4

MLOT et

wirma aboul mean | min (mar s 7005 /-35.37 | 1085 meler

SGG-UIGM-2 NGMEIT8e 3153

N 0" x 01" M, 0.7% x 0.1
wrms aboul mean | min {maz = 1708 7 -36.33 ' 11.04 mster wrms aboul mean | min { mox = 1704 ¢ -35.34 /12,79 moter

ICAEL: AT Aniscimn, Frf s B8 i Ad: 1 i |
Hinh 1: Mét s6 mo hinh Geoid toan cau
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2.2. Phwong phap tinh todn va danh gida

Pau tién, dya vao cong thic (1), ta tinh dwgc Ny =h—H cho mdi mdc
GNSS/leveling. Sau d6, cac diém nay ciing duogc tinh N, trén timg GGM. Sai sb ban dau cia
mdi mé hinh duoc dénh gia qua théng ké chénh 1éch N; — Ny¢ (Min, Max, trung binh- Meam,
d6 1éch chuin- STD). Tiép theo, chia tap méc thanh hai phén: mot phén dung dé hiéu chinh
(diéu hoa mb hinh) va phan con lai dung dé kiém tra doc 1ap. Sau khi hiéu chinh (Molodensky
hoic da thirc), ta tinh lai N éhwu chinh)
s6 cubi cung.
3. Két qua tinh toan

Dtr li€u st dung gém 18 mbc thuy chuan chuén d6 cao Hang I cia h¢ VN-2000, chu
yéu phan bd ¢ ving Dong bing Bic Bo (Hinh 1). Nhitng mébc nay déu c6 d6 cao chinh H do
béng phuong phéap thuy chuén va cling da dugc do GNSS dé xac dinh toa d6 va do cao elipsoid
h. Tir s6 liéu thu dugc, ta tinh di thuong do cao thuc té Ny = h — H theo cong thire (1). Song
song do, gia tri di thuong N; cua cac diém nay duoc tinh toan bang nim mo hinh geoid toan
cau mién phi (EGM2008, EIGEN-6C4, GECO, SGG-UGM-2, XGM2019¢ 2159) do GFZ-
Potsdam cung cap. Két qua sai 1éch ban dau giita cic mé hinh dugc tong hop trong Bang 2.

cho céc diém va so sanh v6i Ny thuc do dé danh gia sai

Bang 2. Sai s6 N; — Np¢ ban dau ciia cac mé hinh geoid toan cau

M6 hinh geoid Min (m) Max (m) Mean (m) STD (m) RMS (m)
EGM2008 0.502 1.230 0.951 0.256 0.983
EIGEN-6C4 0.184 0.829 0.576 0.173 0.600
GECO 0.332 0.863 0.539 0.142 0.555
SGG-UGM-2 0.212 0.780 0.568 0.155 0.588
XGM2019¢e 2159 0314 0.655 0.513 0.121 0.522
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Hinh 2. Cdc diém dwoc sir dung trong nghién ciru
Bang 2 chi ra rang mé hinh XGM2019¢ 2159 cho két qua t6t nhat voi d6 1éch chuan
STD khoang 0,121 m, nh6 hon dang ké so véi EGM2008 (STD ~0,256 m). Cac gia trj chénh
léch cia XGM2019¢ 2159 dao dong khoang 0,31-0,66 m, trong khi EGM2008 1a 0,50-1,23
m. Két qua nay pht hgp voi Pham va cong su (2023) nhan xét raing XGM2019¢ 2159 ¢6 do
chinh xac vuot tréi va EGM2008 thap nhét [3].
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Tiép theo, tap dir liéu dugc chia thanh 10 mbc géc dé hiéu chinh mé hinh va 8 mdc
con lai ding 1am diém kiém tra (da thirc Molodensky chi can >6 diém dé x4c dinh cic tham
s6). Hai phuong phap hiéu chinh (Molodensky 3D va da thirc bac 2) cho két qua rit twong tu
nhau, nén & day chi bao céo két qua ctua phép Molodensky. Sau khi khép, chénh 16ch sau hiéu
chinh trén 10 méc gbe duoc liét ké trong Bang 3. Tt ca md hinh c6 sai sé twong dbi nho, dao
dong trong khoang +0,08 m, véi RMSE ~0,03-0,04 m.

Bang 3. Sai s6 N; — Ny sau hiéu chinh (dwa trén 10 méc goc)

Mo hinh geoid Min (cm) Max (cm) RMSE (cm)
EGM2008 -5.1 8.26 4.0
EIGEN-6C4 -7.6 6.1 3.8
GECO -7.1 6.5 3.3
SGG-UGM-2 —-6.0 6.3 3.0
XGM2019e 2159 —69 7.2 43

Céc tham s hiéu chinh tur 10 moc gbc dugce ap dung dé tinh toan cho 8 diém kiém tra
doc lap. Bang 4, trinh bay sai s6 cla cac diém nay sau hi€u chinh. C6 thé thdy mo hinh
XGM2019e 2159 van cho két qua tét nhat: sai sb tir —7.7 d&én +1.8 cm (RMSE = 4.7 cm).
Trong khi d6, cac mé hinh EGM2008, EIGEN-6C4, GECO, SGG-UGM-2 ¢6 sai s6 16n hon
(dén ~£0.14 m) va RMSE khoang 5.6-7.0 cm, gap khoang 1.5 lan so véi XGM2019e_2159.

Bdng 4. Sai s6 N; — Ny sau hiéu chinh trén cdc diém kiém tra.

M6 hinh geoid Min (cm) Max (cm) RMSE (cm)
EGM2008 -11.5 2.8 6.6
EIGEN-6C4 -13.7 4.2 7.0
GECO -14.3 4.3 6.7
SGG-UGM-2 -11.7 2.1 5.6
XGM2019e 2159 -7.7 1.8 4.7

Nhu vay, sau khi hiéu chinh, tét ca cic mo hinh bac cao déu dat d6 chinh xac tuong
duong ¢ mirc ~0,04-0,07 m, trong s6 cac mod hinh duoc dua vao thir nghiém va tinh toan,
XGM2019¢ 2159 sau hiéu chinh cho két qua tong thé t6t nhat. Két qua cing goi y rang do
chinh xéc cta cic diém kiém tra khi sir dung XGM2019¢ 2159 kha tuong dong vai do chinh
xé4c cua cac diém mdc dung dé hiéu chinh mé hinh, trong khi d6 cdc md hinh con lai cho do
tin cdy giam dang ké khoang 2 lan.

4. Két luan

Nghién ctru da xac dinh va thir nghiém thanh cong qua trinh hiéu chinh cidc mé6 hinh
Geoid toan cau dé xac dinh hé quy chiéu d6 cao tai Viét Nam bﬁ“mg dir liéu GNSS/leveling.
Mo hinh geoid XGM2019e 2159 ¢6 sai s6 thip nhit so voi mbe thuy chuan chuan STD 12.1
cm, trong khi EGM2008 ¢6 sai s6 16n nhat voi STD 25.6 cm, két qua nay phit hop véi két qua
nghién ctru khac tai Viét Nam [3]. Sau khi 4p dung phép bién d6i Molodensky hoic da thirc
bac 2, sai s6 clia tit ca cac mo hinh giam dang ké. Trén cac diém kiém tra doc lap, mo hinh
XGM2019¢e 2159 hiéu chinh dat RMSE = 0,047 m, trong khi cac m6 hinh con lai RMSE =
0,056-0,070 m. Két qua nay cho thay cac mo hinh dia toan cau béc cao, sau khi dugc hiéu
chinh vé hé quy chiéu d6 cao VN-2000, c6 thé sir dung dé xac dinh do cao chinh tir két qua
GNSS vdi sai s6 chi vai cm. Phuong phap tich hop GNSS/leveling va hiéu chinh mé hinh 1a
cach tiép can hiéu qua dé hién dai hoa hé thong d6 cao & Viét Nam, gitp thay thé dan do thuy
chuén truyén théng. Trong tuong lai, c6 thé mé rong nghién ctru bang cach sir dung thém diém
GNSS/leveling va sb liéu trong luc chi tiét dé xay dung mo hinh geoid khu vuc (quasi-geoid)
¢6 d0 chinh xac cao hon.
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