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XAY DUNG MO HINH GEOID CUC BQ CHO KHU VUC
CAM PHA - MONG DUONG
VU DINH TOAN, 7 ruong Pai hoc Mo - Dia chat

Tém tit: Cdc diém trong mang hedi GPS ¢6 do néi dé cao bang thuy chudn hinh hoc (cdc
diém song tring) dwoc sir dung dé xdc dinh @6 cao Geoid (Undulation), tir d6 ndi suy dé cao
Geoid cho cac diém khéc phuc vu chuyen do cao bang GPS. Khi sit dung mo hinh Geoid
toan cdau dé xdac dinh dp cao Geoid, sé liéu do tai cic diém song trung duoc sur dung dé
danh gla murc do phu ho’p cua moé hinh Geoid voi mat Geoid thyc té tai khu do, khong nhwng
thé, cdc s6 liéu nay con cé thé sir dung dé chinh xdc hod mé hinh Geoid tai khu vire ¢6 cdc
diém song tring. Bdi bdo nay trinh bay mét phwong phap xdy dung mo hinh Geoid cuc bo
dua trén viéc cdi chinh cho mé hinh Geoid toan cau theo mé hinh twong déi ciia tri do tai

cdc diém song tring.

1. Pit van dé

Do GPS xéc dinh cho ta d6 cao tric dia (H)
(so voi mat Ellipsoid) c6 dd chinh xéc cao,
nhung day chi 1a mot hé thdng d6 cao mang y
nghia 1y thuyét trong thuc té lai can str dung gia
tri d6 cao thuy chuan (h) (so véi mit Geoid).
Do d6, van dé dat ra 13 can phai tinh chuyén do
cao tric dia vé d6 cao thuy chuan. Ching ta c6
thé dé dang khai thac ciac mo hinh Geoid toan
cau nhu OSU91A, EGM-96, EGM2008 tir cac
phan mém xur 1y s6 liéu GPS dé x4c dinh do cao
Geoid (N) phuc vu tinh Chuyén do cao trac dia
vé do cao thuy chuan cho cac diém. Néu trong
lugi GPS c6 mot s6 diém dwoc xac dinh do cao
bang thuy chudn hinh hoc véi d6 chinh xé4c can
thiét, chiing ta s& c6 co s¢ dé danh gia mirc do
sai khac giita do6 cao geoid lay tr md hinh
Geoid da stir dung vdi d cao geoid xac dinh tur
cac diém do song tring. Qua thuc té cho thiy
cac md hinh Geoid toan cdu c6 dd chinh xac
thép & khu vuc Viét Nam, chi méi dam bao xac
dinh d6 cao thuy chuan véi do chinh xac phd
bién la twong duong thuy chuan k¥ thuat, trong
mot s6 trudng hop co the dat dugc thuy chuan
hang IV [2,5], ma chi yéu cho ving ddng bang
va trung du, va didu quan trong hon la khong
thé du doan chic chin truée khi trién khai do
dac. D6 chinh 1a han ché cuia mé hinh Geoid
toan cau. Van dé dat ra 1a cAn c6 mot mé hinh
Geoid chinh xac.

Hién nay ¢ Viét Nam chua xay dung duogc
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mo hinh Geoid chinh xac cho toan quéc, vi vay
viéc xay dung cadc md hinh Geoid cuc bd cho
ting khu vuc nho 14 can thiét. Néu trong

ludi GPS ¢6 mét sé diém duge xac dinh do
cao bang thuy chuan hinh hoc véi do chinh xéac
can thiét thi ta khong nhiing sir dung cac diém
song trung dé danh gia do chinh xac do cao
GPS hay bo sung thém s hiéu chinh (ndi suy)
nham nang cao d6 chinh xac do cao GPS trong
mang ludi hién thoi ma con st dung chung dé
nang cap mo hinh Geoid toan ciu tai chinh khu
vuc ¢6 mang ludi GPS bang cach st dung
ching dé xac dinh s6 hiéu chinh cho do cao
Geoid (liy tir mod hinh Geoid toan cau) [1,4].
Gia tri d6 cao Geoid sau hiéu chinh c6 thé dugc
str dung dé thanh 1ap mé hinh Geoid cuc b tai
chinh khu vuc c¢6 mang luéi GPS, ta goi viéc
nay la chinh xac héa mé hinh Geoid. M6 hinh
Geoid d3 duge chinh xac hoa chéic chin s& phuc
vu t6t hon cho cong tac do cao trén khu vuc nay
trong thoi gian tiép theo.

Theo [1] d3 x4c dinh duoc sb hiéu chinh
cho d6 cao geoid tai cac diém song tring dya
trén thudt toan binh sai lugi tu do véi s liéu
dau vao 1a hiéu d6 cao thuy chudn (Ah) c6 duoc
tir két qua do cao thity chuan hinh hoc, hiéu do
cao tric dia (AH) c6 dugc tir két qua do GPS va
hiéu d6 cao geoid 14y tir md hinh geoid toan cau
(AN). Song mo hinh Geoid sau hi€u chinh tai
cac diém song trang ndy co su bién d6i bat
thuong do chua hi€u chinh tai céc diém mat
ludi (chua 1am tron). Vay dé mo hinh co gia tri



su dung van dé dat ra 1a can c6 thuat toan ndi
suy pht hop dé xac dinh s6 hiéu chinh tai diém
mat ludi dam bao nguyén tic gitt nguyén sb
hiéu chinh tai cac diém song tring va mét ludi
cang xa diém song trung thi d6 16n tri tuyét d6i
ctia s6 hiéu chinh cang nh.

2. Thuit toan ndi suy so6 hiéu chinh dé
cao Geoid tai diém mit luéi

Thuét todn ndi suy trong $6 nghich dao
khoéang cach 1a pht hop dé xac dinh sb hiéu chinh
mod hinh tai diém mat ludi. Theo phwong phép
nay trong sé duoc lay theo nghich dao khoang
cach tir diém can xac dinh gia tri do cao Geoid
dén cac diém da co gia tri do cao Geoid & xung
quanh no6. Gia tri d6 cao Geoid tai vi tri 1 duoc xac
dinh theo cong thirc trung binh trong s6

)

trong d6: j - cac diém da biét gia tri do cao
Geoid & xung quanh diém i chua biét gia tri do
cao Geoid.

Trong s6 dugc tinh theo cong thirc:

ol

- (2)
J dj
d; - khoang cach tir diém can xac dinh i dén
diém da co gia tri d cao Geoid j
o - tham s can xac dinh (a c6 thé bang 1,
2,3,...).

3. Tinh toan thuc nghiém

Sd li¢u thuc nghi¢m la mang lu6i GPS hang
IV duoc do tai ving mé6 Cim Pha - Maéng
Duong, tinh Quang Ninh. Ludi gdm 26 diém
v6i 74 canh do (baselines), trong d6 c6 9 diém
song trung (dugc do ndi thuy chudn hinh hoc
v6i do chinh x4c hang III nha nudc). So dd lién
két 9 diém song trung duoc thé hién & hinh 1.

Iv-01

Iv-o2

107406

Hinh 1. So do lién két 9 diém song tring

3.1. Tinh sé hi¢u chinh mé hinh tai cdc diém
song trung

Vi sb lidu thue té cua mang luodi trén
va mbé hinh Geoid EGM-2008, ta tinh duoc
chénh cao triac dia AH, chénh cao thuy chuan
Ah, higu d¢ cao Geoid AN™, tir d6 tinh dugc sb
hang tu do ctia cac phuong trinh s6 hiéu chinh,
két qua tinh trong bang 1.

Bdng 1. Cac gid tri tinh AH, Ah, AN™ va s6 hang tw do |

Tén chénh cao AH (m) Ah (m) AN™ (m) |= Ah+AN™ - AH
IV-01—-IV-06 -6.824 -6.921 0.077 -0.020
IV-06—1V-02 -1.002 -1.040 0.083 0.045
IV-02—1V-18 -18.693 -18.711 0.008 -0.010
IV-18—107406 -0.956 -0.783 -0.164 0.009
107406—1V-14 45.607 45.515 0.065 -0.027
IV-14—1V-16 55.118 55.130 0.063 0.075
IV-16—1V-12 38.556 38.453 -0.045 -0.148
IV-09—1V-01 -72.830 -72.715 -0.029 0.086
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Sau khi 1ap va giai hé phuong trinh chuan,
s€ xac dinh dugc gia tri cac 4n sd, chinh 1a cac
s6 hiéu chinh cho dd cao Geoid (dN) tai cac
diém song trung. Tur d6 s€ nhan dugc do cao
Geoid sau hiéu chinh.

Sau khi tinh dugc dd cao Geoid sau hiéu
chinh tai cac diém song trung c6 thé vé& lai md
hinh Geoid cho khu vwc Cim Pha-Méng

Duong. Dé c6 thé nhin truc quan sy thay doi
ctia bé mit Geoid sau khi hiéu chinh, & day vé&
ca phan mé hinh Geoid khi chua hiéu chinh.

Trén hinh 2a va 2b 14 céc so d6 2D va so do
3D ctia phan mé hinh Geoid EGM-2008 thudc
ving Cam Pha-Moéng Duong khi chwa hiéu
chinh.

Bang 2. S6 hiéu chinh mé hinh va dé cao geoid sau hiéu chinh

Hinh 2a. So @ 2D chwa hiéu chinh

Hinh 3a. So' dé 2D da hiéu chinh
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Tt:an Do cao geoid 1§y t&r mo hinh toan | S6 hiéu chinh dN Do cao geoid sau hi¢u
diém cau (m) (m) 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

; ‘ Hinh 2b. So dé 3D chwa hiéu chinh
Trén hinh 3a va 3b la so d6 2D va 3D cta phan mé hinh Geoid da dugc hiéu chinh.
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Hinh 3b. So' d6 3D da hiéu chinh



Hinh 4a. So do 2D chua hiéu chinh mdt ludi

Ngoai ra ching ta con c6 thé ding két hop
ca s liéu cua cac diém mat ludi & khu vuc nay
dé vé duong dong muc véi sé luong ciia mat
lugi 1a 10x10. SO lidu d¢ cao Geoid & cac diém
mat luéi duoc ldy tir mo hinh Geoid toan cau
EGM2008.

C6 thé nhan thay rang, sau khi xtr 1y s6 liéu,
d6 cao Geoid tai cac diém song trung nhan duogc
s6 hiéu chinh, do d6 bé mat Geoid bj thay do6i
khép voi sé lidu do GPS va thuy chuan. Tuy
nhién chi tai diém song tring mé hinh duogc
thay d6i “dot bién”, con cic diém mit ludi
khong thay doi. Do d6 can c6 phwong phéap ndi
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Hinh 4b. So do6 3D chua hiéu chinh mat heéi
suy dé xac dinh s hiéu chinh cho cac diém mat
ludi, day duogc goi la phuong phap lam tron
(smoothing) mé hinh geoid sau hi¢u chinh.

3.2. Nji suy so hiéu chinh dj cao Geoid tgi cdc
diém mat luéi

Str dung s6 hiéu chinh cho d6 cao Geoid tai
cac diém song trung tién hanh noi suy sb hiéu
chinh do cao Geoid cho cac diém mat ludi theo
phuong phap ndi suy trong sé nghich dao
khoang cach vai hé¢ s6 o = 2. S6 hiéu chinh do
cao Geoid va do cao Geoid sau hiéu chinh tai
céc diém mit ludi dugc thé hién trong bang sau:

Badng 3. S0 hiéu chinh moé hinh va do cao Geoid sau hiéu chinh cua diéem mat luoi

Tén diém cau EGM2008(m)

D6 cao Geoid 14y tir mé hinh toan

Do cao Geoid sau

S6 hiéu chinh (m) hiéu chinh (m)

1 -23.872

-0.025 -23.897

-23.843

-0.018 -23.861

-23.815

-0.006 -23.821

2
3
4 -23.785

-0.005 -23.790

98 -23.791

0.012 -23.779

99 -23.771

0.004 -23.767

100 -23.750

-0.001 -23.751

Sau khi ¢o dugc d6 cao Geoid sau hiéu
Geoid cho khu vuc Cam Pha-Mong Duong.
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Hinh 5a. So d6 2D da hiéu chinh mdt ludi

chinh tai cac diém mat ludi thuc hién v& md hinh

S22
$SS5s
e
e -
Coes o 2z %23 2>
Y e
e
e 2Z.
e
S S e e o
Ssese e e 2 St s o
e S s s
ol SIS SSSSS s s
e eSS SO S S S55E 55 oS
= S S SSSSE S SS o o5L 5550555
P OSSOSO %
S 0 S SO SO SOSOSE IS5 o555
> S S SISIISS S
=, S S OSSOSO 2
7 e NN
2 == ey
Y S s =
8 S e eSS SO SO S SIS SIS oo
e 5 S S SIS SRS IS TS5 et
2, S SO SSNSSSSSSS IS
== e o
S 5 oS SO S S SSSSSSSSSseses s o2
S S S S S S SeSesee oot
S e SIS S se st
S S S SSSssi s
S S S5 oe
2 A e e e s
225 032030022520 022 5224522,
S S S S 5SS o555 655
SIS
SSRGS
S
4
L
=%

73



Hinh 5b. So do6 3D da hiéu chinh mat ludi

C6 thé nhéan thdy ring mo hinh geoid sau hiéu chinh tai diém mét ludi d3 tré nén tron tru
hon.
3.3. Xdy dung mé hinh Geoid cuc by

Duya vao gia tri do cao Geoid sau hi¢u chinh d¢ cao Geoid ctia cac diém mat ludi tién hanh
xay dung mo hinh Geoid cuc bd cho khu vuc Cim Pha-Mong Duong theo khudn dang cia mé hinh
Geoid trong phan mém xtr 1y s liéu GPS (GPSurvey, Trimble Geomatic Office, Trimble Total
Control). M6 hinh dugc xay dung c6 tén 1a GeoCP_MD.GGF.

Str dung mo hinh nay dé xé4c dinh gia trj d6 cao Geoid ctia 9 diém song trung.

Badng 4. Két qua do cao Geoid xdc dinh tir mé hinh GeoCP_MD.GGF

Ten didm Do cao Geoid 1y tir m hinh toan cau D6 cao Geoid ly tir mo hinh
(m) GeoCP_MD.GGF (m)
IV-01 -23.879 -23.884
IV-06 -23.802 -23.787
1V-02 -23.719 -23.749
IV-18 -23.711 -23.731
107406 -23.875 -23.904
IV-14 -23.810 -23.812
IV-16 -23.747 -23.824
IV-12 -23.792 -23.721
I\V-09 -23.850 -23.769

Thuc hién so sanh (j(f) cao thuy chuén xac dinh tir do cao GPS dung md hinh Geoid toan cau
(h®"S) va do cao thity chuan xac dinh tir mé hinh Geoid GeoCP_MD.GGF (h®®*-MP) v4i d¢o cao

thity chuans c6 duoc tir viée do cao thily chuan hinh hoc sau binh sai (h'©).

Bdng 5. So sanh két qua sir dung mé hinh Geoid GeoCP_MD.GGF

Tén didm hTC(m) | h®PS(m) | hG®CP_MD (1) | RTC.nGPS () | KTC. hoCP_MD (i)
IV-01 29.906 29.924 29.903 -0.018 0.003
1V-06 22.985 23.023 22.986 -0.038 -0.001
1V-02 21.945 21.939 21.943 0.006 0.002
IV-18 3.234 3.237 3.235 -0.003 -0.001

107406 2.451 2.445 2.447 0.006 0.004
IV-14 47.966 47.987 47.965 -0.021 0.001
IV-16 103.096 | 103.041 103.069 0.055 0.027
IV-12 141.549 | 141.642 141.564 -0.093 -0.015
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1V-09 ‘ 102.621 ‘ 102.725 ‘

102.634

-0.104 -0.013

Sau khi nghién ctru 1y thuyét va tién hanh
tinh toan thuc nghiém trén s6 lieu thuc té,
chang toi dua ra mot sé két luan va kién nghi
nhu sau:

4. Két luan va Kién nghi

M6 hinh Geoid cuc bd GeoCP_MD.GGF
madi duge 1ap cho phép xac dinh dd cao thuy
chuén tai khu vuc Cam Pha — Méng Duong c6
d6 chinh xé4c cao hon so véi gia tri do cao thuy
chudn xic dinh bang mé hinh Geoid toan cau
EGM2008. Qua d6 giip nang cao duoc kha
ndng do cao trong do GPS ¢ khu vuc nay trong
cac giai doan tiép theo.

- Do chinh xé4c cua phuong phap phu thude
vao do chinh xac cua viéc xac dinh d6 cao tric
dia bang do GPS va d9 cao thily chuan bang do
thity chudn hinh hoc tai cac diém song tring.

- Can ap dung phuong phap nay dé thanh
1ap m6 hinh Geoid cho cic khu vyc thuc
nghiém khac c¢6 quy mé rong hon nham dé
kiém ching kha niang ung dung cta thudt toan
nay.

- Néu c6 s6 liéu do song trung GPS-thuy
chuan ta c6 thé ap dung phuong phap nay dé
thanh 1ap md6 hinh Geoid cuc bd do chinh xéc
cao cho Vi¢t Nam, qua d6 gilip nang cao kha
nang ung dung cua phuong phéap do cao GPS.
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SUMMARY
Building the local geoid model in the Cam Pha-Mong Duong area

Vu Dinh Toan, University of Mining and Geology

GPS points which were measured height by levelling (GPS/levelling points) are used to
determine geoid undulation, from which interpolate geoid undulation of another points to determine
height by GPS. When using the global geoid model to determine geoid undulation, data measured at
GPS/levelling points is used to assess the suitability of the geoid model with real surface geoid of
measurement area, not only that, this data can also be used to accurately geoid model in the area of
GPS/levelling points. This paper presents a method to build local Geoid models based on correction
for the global Geoid model from relative model of measuremets in GPS/levelling points.
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