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Lam khdp m6 hinh Geoid vdi céc s6 liéu GPS thiy chudn co thé céi thién chat lugng mo
hinh Geoid da co. Trong bai bao nay gidi thiéu mdt phuong phap lam khdp cuc b6 mé hinh
Geoid voi s6 liéu GPS-thily chuén dua trén cac sé hiéu chinh xac dinh theo mé hinh tuong

déi cta céc tri do.

1. D3t van dé

hi xt ly cac mang luGi GPS chung ta
% c6 thé dé dang khai thac cac mod

hinh Geoid toan cau nhu OSU91A,
EGM-96, EGM2008 dé xac dinh dd cao
Geoid (N) phuc vu khau tinh chuyén dé cao
trdc dia (H) vé do cao thiy chudn (h) cho
cac diém |udi [1]. Néu trong Iudi GPS cb mét
s6 diém dudc xac dinh d6 cao bang thuy
chuin hinh hoc véi dé chinh xac can thiét,
ching ta sé c6 co s6 dé danh gia mic do
phl hop gilra mé hinh Geoid da st dung voi
bé mat Geoid thuc trén khu do. Qua xu ly
moét s6 mang ludi GPS c6 cac diém song
triing, cho thay cac mé hinh Geoid toan cau
thuding sai khac véi mat Geoid thuc dang ké,
do d6 néu chi s dung md hinh Geoid toan
cau s& han ché vé do chinh xac.

Van dé cAn quan tam giai quyét § day ia
chiing ta khong chi sif dung céac diém song
tring dé danh gia do chinh xac do cao GPS
hay b sung thém sé hiéu chinh (ndi suy)
nham nang cao do chinh xac do cao GPS
trong mang Iudi hién thoi ma con st dung
ching dé hiéu chinh nhdm nang cap mo
. hinh Geoid toan cau tai chinh khu vuc c6
mang ludi GPS. Cach lam nay rat c6 y nghia
, V& phuong dién kinh t€ va ky thuat vi da tan
dung t6i da thong tin tir cac tri do dé lam

chinh xac mé hinh Geoid da c¢6. M6 hinh
Geoid da dugc chinh xac hoa chic chan sé
phuc vu t6t hon cho céng tac do cao trén
khu vuc nay trong thoi gian ti€p theo.

2. Co sd ly thuyét

Néu cac diém clia mang usi GPS c¢6 do
cao dugc xac dinh béng thuy chudn hinh
hoc (goi la cac diém song triing), ching ta
& c6 cd sO dé xac dinh do cao Geoid tai cac
diém lusi GPS theo cong thirc:

N; = H; - h (1)

trong d6 H; 1a d6 cao trac dia, h; 1a do cao
thuy chuan, N; 14 d6 cao Geoid.

Do cao Geoid xac dinh theo (1) dudc goi
la 6 cao Geoid GPS-thuy chuén. Dac diém
clia'dd cao Geoid xac dinh theo (1) 1a c6 gia
tri phu thudc vao khau xt ly ludi GPS va luGi
thuy chudn, chi yéu 1a phu thudc vao s6 ligu
gdc (khdi tinh) trong cac mang Iugi d6. Néu
nhu mang Iugi GPS c6 mat do diém phu
hop, tir cac gia tri dé cao Geoid xac dinh
theo (1) chung ta c6 thé xay dung dugc mo
hinh Geoid cuc bd trén pham vi bao trum
cla lugi GPS [3]. M6 hinh Geoid nay dugc
xay dung trén Elhpx0|d da su dung trong tinh
toan lugi GPS.
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Tu md hinh Geoid toan cau, chang ta lai
c6 thé nhan dudc do cao Geoid tai cac diém
yclia lugi GPS, do cao Geoid nay ky hiéu la
NY. Chac chan rang, do cao Geoid N, tinh

theo (1) va do cao Geoid N” |4y tir mé hinh
Geoid toan cau sé& khac nhau, ké ca trong
truong hop str dung hé WGS-84 dé tinh toan
lugi GPS.

Né&u nhu lusi GPS dugc do va ludi thuy
chudn dugdc do dac véi do chinh xac cao thi
gia tri N; tinh theo (1) c6 d6 chinh xac cao
hon gia tri N1y tir mé hinh Geoid toan cau.
Ti nhitng s6 liéu nay, ching ta c6 thé tinh
toan dé xac dinh s6 hiéu chinh vao d6 cao
Geoid toan cdu tai dung cac diém song
tring trong Iugi GPS nhdm cai thién do
chinh xac md hinh Geoid toan cau trén khu
vuc do Iudi [5], [6]. Trén thuc té, ta khong
can st dung toan béd mé hinh Geoid toan
cau ma can trich ra tr mé hinh toan cau mét
mo hinh Geoid riéng cho nudc ta. Khi tinh
toan hiéu chinh dé chinh xac hoa chi thuc
hién déi voi phan mo hinh Geoid riéng nay.

Viéc xac dinh s6 hiéu chinh vao mé hinh
Geoid toan cau dua vao so liéu do GPS-
thily chudn dudc goi la phuong phap lam
khdép (Matching) mé hinh Geoid, phuong
phap lam khdp c6 thé ap dung déi véi ca
Geoid xac dinh theo s6 liéu trong luc [4]. Dé
lam khdp mé hinh Geoid, c6 thé thuc hién
theo hai phuong phap sau:

1) Hiéu chinh dua trén hiéu do cao thly
chudn va hiéu do cao trac dia tai cac diém
song triing (phuong phap tuong doi).

2) Hiéu chinh dua trén d6 cao thly chuén
va do cao tric dia tai cac diém song tring
(phuong phap tuyét doi)

Pé gidm t6i da anh hudng hé théng cla
co sO so liéu gbc (Datum), ludi GPS cén
dugc x{ ly trong hé WGS-84 hoéc ITRF.

Sau day chung ta xem xét quy trinh tinh
toan hiéu chinh mé hinh Geoid theo phuong
phap tuang doi.

2.1. Thuét todn xdc djnh sé hiéu chinh
chp mé hinh Geoid theo cdc gid tri hiéu
s

D& khong phai xét dén gia tri khdi tinh do
cao trac dia H va do cao thuy chudn h khi
hiéu chinh mé hinh Geoid, nguyén tic tinh
toan hiéu chinh mé hinh Geoid chi dua vao
“cac gia tri hiéu sd” gilra cac cap dlem e
C6 3 loai hiéu s6 dugc thiét 1ap bao gom:

1) Hiéu 8 do cao thuy chudn A, |
2) Hiéu s6 d6 cao tric dia AH,

3) Hiéu s6 do cao Geoid Iay tu mé hinh
Geoid ANM véi
AN} =N} -NY (2)
TU phuong trinh (1), ta xac dinh dugc
hiéu s6 d6 cao Geoid GPS-thuy chuidn cho
2 diém i, j nhu sau;

AN, =AH,

Ta lap phuang trinh tri binh sai:
AN,;/'*'V,',,'=(N}4+dN/)_(NiM+dNi) (4)
trong d6: dN, dN; la cac s6 hiéu chinh cho
dd cao Geoid tai diém i va diém j (goi 1a s6
hiéu chinh cho mé hinh Geoid), déng vai tro
la cac &n s6 trong bai toan nay.

Trong phuong trinh (4) d6 cao Geoid
N}M,N xac dinh tor mé hinh Geoid déng
vai trd nhu tri gan dung cla cac 4n so.

T (4) ta c6 phuong trinh s6 hiéu chinh:

V,,=dN,—dN,+1,, (5)

j— Ak, (3)

trong do:
l;=NY-NY-AN, =ANY -AN,, ()

Tap hop cac phuong trinh s hiéu chinh
(5) sé dudc giai theo di€u kién V'PV = min,
tr @6 ta c6 hé phuong trinh chuan:

ATMAAX ok ATM L= 0 (7)
trong d6: A la ma tran hé sé phuong trinh s
hiéu chinh, gdbm cac hé sé clia phuong trinh
(5), M3, la ma trén nghich déo clia ma trén
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hiép phuong sai hiéu d6 cao Geoid GPS-
thuy chuén, X la véc to an s8, gém cac so
hiéu chinh dN cho mé hinh Geoid, L |a véc
td s6 hang tu do, cé cac phan ti dugc xac
dinh theo (6)

Do khéng coi do cao Geoid cla bat ky
diém nao 1a gdéc, do d6 ma tran hé sd
phuong trinh chuén (7) 1a ma tran suy bién
c6 s6 khuyét d=1. D& gidi nghiém cla hé
phuong trinh chudn, ching ta &p dung
phuong phap binh sai lugi tu do.

X=—(ATM} Ay A" ML (8)
trong d6 (A" M, A)™ 1a ma tran gia nghich
dao cla ma trén hé s6 phuong trinh chuén.

C6 moét s6 phuong phap tim ma tran gia
nghich ddo nhu phuong phap Moore —
Penrose, phuong phap Helmert - Wolf, hodc
phudng phap thém diéu kién phu [2].

2.2. Vdn dé xdc dinh ma trdn hiép
phuong sai M,,

Dé Iap hé phuong trinh chudn (7) can xac
dinh ma tréan hiép phuong sai cla hiéu do
cao Geoid GPS-thuy chudn M,, . Ma tran
hiép phuong sai M ,,, dudc xac dinh dua trén
- quan hé (3) tirc la phu thudc vao dac tinh sai
s6 clia hiéu do cao thuy chuadn Ah; . va cla
hiéu d6 cao trac dia AH,

Gi4 tri hiéu s6 do cao thuy chuan Ah,
c6 thé sir dung truc tiép tri do chénh cao
hinh hoc gitfa hai méc i, j va cling c6 thé sir
dung hiéu s6 d{) cao gilta hai maoc i, j trong
lugi thuy chudn da dudc binh sai. Tudng tu,
gla tri hiéu s do cao trac dia AH, ; cling ¢6
thé st dung truc tiép hiéu doé cao trac dia do
dugc bang GPS, cho trong 16i giai canh
(baseline) va ciing c6 thé st dung hiéu do
cao tréc dia tinh tir do cao trac dia d& binh
sai lugi GPS.

2.2.1. Trudng hop st dung céc tri do truc
tiép chua binh sai

Xét trudng hop st dung truc ti€p hiéu do
cao thuy chudn va hiéu do cao tréc dia gitta

2 di€m i, j. Trong trudng hop nay ma tran
M ,, c6 dang ma tran dudng chéo:

2
Many

(9)

m
i AN(2)
M,, =

mM(”) €
trong d6 cac phan i trén dudng chéo la sai
sé trung phuong cla hiéu doé cao Geoid
GPS-thuy chuén clia n tuyén do truc tiép,
dugc tinh theo cong thic quen thudc:

2 2 2
Maniiy = Mariy T Many (10)
V@i myy,  1a sai s6 trung phuong chénh cao
trac dia xac dinh bang GPS va My, 18 sai

s6 trung phuong hiéu dd cao xac dmﬁ bang
thuy chuén hinh hoc.

Trong trudng hgp nay viéc xac dinh ma
tran M,, , ma tran M,, la ma tran dudng
chéo.

2.2.2. Trudng hgp st dung cac hiéu do
cao tinh tor dé cao sau binh sai Iudi.

S dung cac hiéu do cao trac dia do dudc
bang GPS dé binh sai Iui (theo phuong
phap gian ti€p) s& nhan dugc ma tran hiép
phuong sai clia cac 4n s6 ky higu la My, Tu
do6 ta cé ma tran hiép phuong sai hiéu do
cao trac dia sau binh sai:

M =AM A (11)
trong d6 A 1a ma tran hé s6 (gém cac so 1,
-1 va 0), thé hién cho méi lién hé t6i thiéu
cac diém cla ludi GPS.

Ludi @6 cao hinh hoc cling dugdc binh sai
theo phuong phap gian ti€p, sau binh sai
nhan dudc ma tran hiép phudng sai clia cac
&n s6 (d6 cao thuy chudn), ky hiéu la M,, ti
do6 sé tinh duge ma trén hiép phuong sai cla
cac hiéu do cao thuy chuan sau binh sai:

My, =AM, A (12)

trong d6 A ciling chinh la ma trén A trong

(11).
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Khi da tinh dugc 2 ma tran hiép phuong
sai M,, va M,, sé de dang tinh dugc ma
tran hiép phuong sai clia hiéu doé cao Geoid
GPS-thuy chuin theo cong thirc:

My =My, +M,,

3. Tinh toan thuc nghiém

(13)

S6 liéu thuc nghiém la mang ludi GPS
hang IV dugc do tai ving mé Cam Ph3 -
Méng Duong (CP-MD) tinh Quéng Ninh.
LuSi gém 26 diém vdi 74 canh do (base-
lines), trong d6 ¢c6 9 diém song tring (dudc
do néi thuy chuan hinh hoc véi d6 chinh xac
hang Il nha nudc), (hinh 1).

VGi 74 gia tri chénh cao trac dia, tién
hanh binh sai lugi d6 cao tréc dia dé xac
dinh d6 cao tric dia clia cac méc va ma tran
hiép phuong sai clia ching, tir d6 theo cong
thic (11) sé xac dinh ma tran hiép phudng
sai hiéu do cao tric dia M, cla 8 c4p diém
(lién két 9 diém song triing). So dé lién két 9
diém song triing bdi 8 c&p diém thé hién trén
hinh 2, theo so d6 nay sé xac dinh dugc ma
tran A trong (11) va (12).

V6i s6 liéu do cla ludi do cao hinh hoc
hang lll, ti€n hanh binh sai lugi dé xac dinh
dd cao thuy chuén cac méc clng ma tran
hiép phuang sai clia ching, ti d6 theo cong
thac (12) xac dinh dugc ma tran hiép
phuong sai hiéu do cao thly chuén M,,
clia 8 cap diém néu trén, - :
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Hinh 1: So d6 mang lusi GPS CP-MD
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Hinh 2: Quan hé lién két cac diém song
trung

TU hai ma tran hiép phuong sai hiéu do
cao trac dia M,,, va hiéu do cao thuy chudn
M,, sé tinh dugc ma tran hiép phuong sai
hiéu dd cao Geoid GPS-thuy chudn M,, ,
tiép theo sé tinh dugc ma tran nghich do
My, d8 phuc vu cho khau thanh lap hé
phuong trinh chuén theo cong thiic (7).

Vi s6 liéu thuc t€ clia mang luGi trén va
mé hinh Geoid EGM-2008, theo cac cong
thitc (2), (3) va (6), tinh dudc chénh cao trac
dia AH, chénh cao thiy chudn Ak, hiéu do
cao Geoid AN™, tir d6 tinh dudc s6 hang tu
do clla cac phuong trinh s6 hiéu chinh, két
qua tinh trong bang 1.

Bang 1: Cac gia tri tinh AH, Ah, AN™ va s6

hang tu do |
Tenchénhcao | AH(m) | Ah(m) | AN"(m) | 1= Ah+ AN" = AH |
NOI- G | 684 | 6521 | 007 | 000
NOG-N02 | 4002 | 400 | 0083 | 005
N2~ V8 | 18603 8711 | 0008 | 0010
IV-18 107406 | 0956 | -0.783 | 0464 | 0,009
107406 V14 | 45607 | 46515 | 0065 | 0027
N4- VA6 | 56418 | 65430 | 0063 | 0075
N-6- V-2 | 3855 | 38453 | 0045 | 0148
N-09- V01 |-72830 | 72715 | 0029 | 0086
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St dung céac cong thac (11),(12) va (13)
sé tinh dugc ma tran hiép phuong sai hiéu
d6 cao Geoid M,, cla 8 c&p diém theo so
dd hinh 2, tir d6 tinh dugc ma tran nghich
dao M, , trinh bay trong bang 2.

Sau khi 1ap va gidi hé phuong trinh chuén
(7), s& xac dinh dugc gia tri cac &n s6, chinh
Ia cac s6 hiéu chinh cho d6 cao Geoid (dN)
tai cac diém song triing. Tir d6 s& nhan dugc
d6 cao Geoid sau hiéu chinh (bang 3).

Béng 2: Ma tran nghjch ddo clia ma tran hiép phuong sai hiéu d6 cao geoid M 5,

§|v-o1__. EIV-06—> §|v-02_. V-18 — ;107406—» IV-14 — IV-16 — [IV-09 —
- |IV-06 1V-02 1v-18 107406 IV-14 IV-16 IV-12 IV-01
1832811 1257159 1139245 1144981 1981580 |8730.72 (723352 |11586.20
1257150 |18678.86 |14611.43 |14186.73 |12497.95 11138502 (9568.16 |9568.88
1139245 [14611.43 (2126450 17491.33 1579917 |14647.03 [11331.06 |9041.81
11449.81 |14186.73 |17491.33 |33742.13 [30536.23 [24776.13 |12519.83 [9160.97
981580  [12497.95 [15799.17 3053623 |35281.55 (2476331 [12367.48 |7858.08
873072 |11385.02 |14647.03 12477613 2476331 |06983.75 |13177.89 [6920.02
723352 (956816  [11331.06 |12519.83 |12367.48 |13177.89 12082071 [5670.17
1158620 (0568.88 (904181  9160.97 |7856.08 [6920.02 /5670.17 14676.66

1
|

i Tén = DO cao geoid lay tir | S6 higu chinh g cao geoid sau

 diém  mo hinh toan cau (m) | dN (m) hiéu chinh (m) |
IV-01 | -23.879 | -0.005 -23.884
IV-06 -23.802 0.015 | -23.787
IV-02 -23.719 -0.030 -23.749
IV-18 -23.711 -0.020 -23.731
107406 -23.875 -0.029 -23.904
IV-14 -23.810 -0.002 -23.812
IV-16 -23.747 -0.077 -23.824
IV-12 -23.792 0.071 -23.721
IV-09 -23.850 0.081 -23.769

Bang 3: S6 hiéu chinh va dé cao geoid sau hiéu chinh
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Sau khi xac dinh dudc cac &n sd sé tinh
dudc véc to s6 hiéu chinh V theo cong thirc
(5). Trong trudng hop st dung cac hiéu do
cao da binh sai, cac s6 hiéu chinh V;;co gia
tri bang 0.

Sau khi tinh dugc d6 cao Geoid sau hiéu
chinh tai cac diém song triing c6 thé vé lai
méd hinh Geoid cho khu vuic CA&m Pha-Méng
Duong. D& c6 thé nhin truc quan sy thay ddi
clia bé mit Geoid sau khi hiéu chinh, & day
vé ca phan mé hinh Geoid khi chua hiéu
chinh.

Trén hinh 3a va 3b la cac so do6 2D va so
d6 3D cla phéin mo hinh Geoid EGM-2008
thudc vung Cam Pha-Méng Duong khi chua
hiéu chinh.

L
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Hinh 3a: So dé 2D chua hiéu chinh

Hinh 3b: So dé 3D chua hiéu chinh

Trén hinh 4a va 4b la sd d6 2D va 3D cla
phan mo hinh Geoid da dugc hiéu chinh.
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Hinh 4b: So d6 3D dé hiéu chinh

C6 thé nhan thay rang, sau khi x{r ly s6
lidu, dd cao Geoid tai cac diém song triing
nhan dugc s6 hiéu chinh, do d6 bé mat
Geoid bj thay d&i khép véi s6 liéu do GPS va
thuy chudn. Tuy nhién chi tai diém song
tring mé hinh dugc thay d6i “dot bién”, con
cac diém khac khong thay déi.

Sau khi nghién citu ly thuyét va tién hanh
tinh toan thuc nghiém trén sé liéu thuc té,
ching t6i dua ra mot s8 két luan va kién
nghi nhu sau:

4, Két luan va kién nghi

- Quy trinh tinh toan xtr ly két hgp s6 liéu
GPS, thuy chu&n hinh hoc dé hiéu chinh do
cao Geoid xac dinh theo mé hinh Geoid la
hoan toan chit ché. S6 liéu sir dung dé tinh
toan déu la cac hiéu do cao (hiéu do cao
tric dia, hiéu do cao thuy chudn va hiéu do
cao Geoid Iay tir mé hinh). Hiéu d6 cao mé6”
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hinh Geoid sau hiéu chinh cla cac cip diém
song tring dung bang hiéu doé cao Geoid
xac dinh theo phuong phap GPS-thdy
chuén hinh hoc.

- Do é@p dung phuong phap binh sai tu do

-nén téng binh phuong cac sé hiéu chinh d6

cao Geoid dN thod man diéu kién [dNdN] =
min, tlc la cac tri do GPS va thuy chudn lam
thay déi mé hinh Geoid da c6 Ia it nhat. Két
qua binh sai tu do khéng phu thudc vao
cach chon (n-1) cap diém lién két n diém
song trung khi lap ma tran A, véi n>2

- Can ap dung phuong phap lam tron
(smoothing) m6é hinh Geoid sau hiéu chinh,
sao cho trén mo hinh khéng ¢6 cac diém 10i
I6m bat thuong nhu hinh 4a va 4b.

- Cén nghién clu anh hudng cta hiép
phuong sai (thanh phan ngoai dudng chéo
clia ma tran hiép phuong sai) ctia hiéu do
cao Geoid GPS-thuy chudn dé ap dung
phuong phap binh sai lugi tu do véi trong s6
don gian hon.Q
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Fitting surface of geoid model to GPS and levelling data achive a improved Geoid
model. This paper presents a method for locally fitting Geoid model to GPS/Levelling data
based on the corrections determined from relative model of measuremets.O
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