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Trong nghién cuu nay, mo hinh Quasigeoid cuc bo tai khu viec mo than Nui Béo -
Vinacomin dwoc xdy dung theo phirong phdp GPS - thity chudn nham hé tro viéc xdc
dinh do cao thuy chudn (h) tie do cao trdc dia (H) cua diém bat ky trong khu vuc thuc
nghiém. Dwa vao 6 diém song tring (c6 do cao GPS va dé cao thity chudn), mé hinh
Quasigeoid cuc bo da duoc xdy dung theo mot quy trinh chat ché. Po chinh xac cua
mo hinh la khoang 1.2 cm. Mo hinh Quasigeoid cuc by cho phép noi suy di thuong do
cao ciia bat ky diém nao trong khu vyee thuc nghiém voi do chinh xac va do tin cdy cao
dé tir @6 do cao thity chuan cia cdc diém dwge xdc dinh. Phuong phap nay da giup cho
nguoi s dung khong can do thity chudn tai cdc diém GPS dan dén néng cao hiéu qua

cia cong viéc, tiét kiém thoi gian va kinh phi.

T khéa: Quasigeoid; BJ cao tric dia; Do cao thuy chuin
Abstract
Building local quasigeoid model in Vinacomin - Nui Beo coal mine, Quang Ninh

In this study, the local quasigeoid model in Vinacomin - Nui Beo coal mine is
built using GPS - leveling height method to calculate point’s leveling height from
corresponding point’s ellipsoid height. The model is based on 6 points with leveling
heights and ellipsoid heights. The accuracy of the model is about 1.2 centimeters.
The local quasigeoid model allows interpolation of the height of any point in the
experimental area with high precision and reliability. This method doesn't require
users to measure leveling at GPS points. That will improve work efficiency in term of
time and cost saving.

Key words: Quasigeoid; Ellipsoid height; Leveling height
1. Pit van dé

Cong ngh¢ GNSS cho phép xéac dinh
dd cao trac dia v4i do chinh xac cao. Tuy
nhién, d§ cao Nha nudc dugce sirdung phuc
vu cho viéc khéo sat thiét ké cong trinh,
do v& ban do,...1a d6 cao thiuy chuin. Dé
dap ung duoc yéu cau cong viée, do cao
trac dia néu trén can duoc tinh toan vé do
cao thay chuan.

diém cua viéc lam nay 1a cac mé hinh da
c6, tuy nhién cdc mo6 hinh néu trén dugc
xay dung cho toan cau hodc cho Viét Nam
trén pham vi 16n va vi vay n6 chua thuc
su chua phu hop tai khu vuc thuc nghiém.
Do chinh xac cta d6 cao thuy chuan phu
thudc vao mo hinh Quasigeoid duoc lua
chon. Néu md hinh Quasigeoid phu hop
voi khu vue thuc nghiém thi d§ cao thuy

Dé chuyén do cao tir do cao tric dja chuan cua cac diém xac dinh tu do cao

vé d6 cao thiy chuan, khi xt 1y sb liéu
GNSS nguoi ta thuong sit dung md hinh
Quasigeoid nhu mo6 hinh Quasigeoid toan
cau (EGM96, EGM2008,...), md hinh
Quasigeoid trén lanh thd Viét Nam,... Uu

GNSS s€ c6 do chinh xac va do tin cay
cao. Do do, trong nghién cliru ndy mo
hinh Quasigeoid cuc b tai khu vuc méd
than Nui Béo - Vinacomin dugc xay dung
dua trén sb liéu caa cac diém GPS - thuy
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chuan song tring. Phuong phép xay dung
mo hinh nay con dugc goi la phwong phap
GPS - thay chuan. M6 hinh Quasigeoid
cuc bo dugc xay dung theo mot ham toan
hoc chit ché. Ham duoc thiét 1ap khong
chi dya vao cac gia tri da biét cta cac
diém do phan bd xung quanh diém can noi
suy ma con sir dung thém ca thong tin vé
mdi trong quan khong gian cua tap hop
cac sb lidu d3 biét d6 - ham Collocation.
M6 hinh Quasigeoid duoc xay dung cho
phép xéc dinh gia tri di thuong dd cao cta
bét ky diém nao trong khu vuc dé tir d6
do cao thuy chuan s& duoc xac dinh ma
khong can do thuy chuan. Diéu nay s&
gitp tiét kiém thoi gian va kinh phi.

2. Co s¢ phwong phap nghién ciru

Méi quan hé gitra do cao tric dia (H)
va d6 cao thuy chuan (h) dugc biéu thi
theo cong thirc sau:

{=H-h, (1)

trong do C la di thuong do cao cua

diém thi i.

A A2

M = [CA1 C CAJ

M6 hinh Quasigeoid cuc bo duoc
xdy dung duya trén co so 1y thuyét xap xi
ham voi dit liéu dau vao 1a do cao tric dia
va do cao thay chuan cua cac diém GNSS
trén khu vuc nghién ctru. Trong nghién
ctru ndy, mot cong cu xir 1y s6 liéu trong
linh vuc dia thong ké hiru hiéu dugc trinh
bay do la phuong phap Collocation.

Cong thuc ndi suy Collocation cé
dang [2]:

l —CA[C&IE (D)

trong d6 ¢ 1a véc to gdm cac gia tri

da biét, C,, 1a ma tran hiép phuong sai
phu thudc vao khoang cach cua cac gia
tri da biét, C,, lavéc to gom cac gia tri
hiép phuong sal cta diém can ndi suy A

v6i cac diém da biét, ¢ , 1a g1 tri no1 suy.

Dé noi suy gia tr1 tai diém A 1a M,
theo céac gia tri da biét M (i=1,2,.
n) theo phuong phép Collocatlon ngu’0’1
ta thuong sir dung cong thirc thuc dung
nhu sau:

C12 Cln Ml
C22 C2n M2 (3)
¢, - C,.| M,

trong d6 C,. va Cij 1a cac gia tri cia ham hiép phwong sai (1y thuyét) theo khoang

cach da xac dinh duoc.

Cong thire (3) dugce viét ¢ dang:

M,=C,C, M 4)
trong do:
c, C, C, | A
c - c, C, .. C, M- Mz, CAM=[CA1 c. CAJ )
C, €. - C) M

Pé xé4c dinh cac tham s6 ciia ham hiép phuong sai Iy thuyét, sau khi tinh duoc cac
gia tr1 hiép phuong sai thue nghiém theo cac khoang céach s khac nhau, can lya chon ham
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hiép phuong sai 1y thuyét phu hop véi quy
luét bién thién cta cac gia tri hiép phuong
sai thuc nghiém va sir dung phuong phap
xdp xi ham dé xac dinh cac tham sb cua
ham hiép phuong sai 1y thuyét.

Mot s6 ham hi¢p phuong sai 1y
thuyét da duoc sir dung trong thyc té nhu
ham Hirvonen, ham Kaula, ham mu, ham
Markov bac 3,... O day, ham Markov bac
3 dugc str dung khi thiét 1ap mé hinh van
tdc chuyén dich tuyét dbi trong phan thuc
nghiém cua dé tai. Ham hiép phuong sai ly
thuyét Markov bac 3 ¢6 dang nhu sau [1]:

C(s)=C,e * (1+i—ij

L 2r ©)

trong d6 C, la phuong sai va L la
khoang céch lién hé hay ban kinh dac trung.

Tir ham (6) cho thiy gia tri ham hiép
phuong sai C(s) = 0 khi:

2
N s

I

L 21 @
Khoang cach tuong irng vdi gia tri ham
hiép phuong sai bang khong C(S,) = 0 dugc
tinh theo cong thirc:

s=L(1+~3)=5, (8)
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S, goi 1a khodng cach két thuc. Véi
cac gia tr1 hi€p phuong sai thyc nghiém
C(s) theo cac khoang cach s, ap dung
phuong phap x4p xi ham sé& xac dinh dugc
cac tham s ctia ham hiép phuong sai 1a
phuong sai CO,’ khoang céch lién hé L va
khoang cach két thic S,

3. Khu vue va dir liéu thuc nghiém

Tai khu vuc Cong ty c¢d phan Than
Nui Béo - Vinacomin, phuong Ha Trung,
thanh phé Ha Long, tinh Quang Ninh, luéi
GNSS d3 duoc thiét 1ap phuc vu cho muc
dich quan tric chuyén dich cua 1 via tai
mo than. Ludi gdm c6 8 diém (hinh 1), d6
la: 107409, VN - 47, DCII - 34, DCII - 35,
DCII - 36, DCII - 37, DCII - 38 va DCII
- 39. Luéi duge do bang may Trimble R4
dugc do ndi v6i diém gbe hang I11 Nha
nudc VN - 47. Bén canh d6, ludi cling
dugc do thiy chuin twong duong véi do
chinh x4c cua thity chuén hang IV.

Toa dd cac diém cua ludi trong h¢
toa d6 VN 2000, kinh tuyén truc 107° 45°,
mui chiéu 3° dugc thong ké & bang 1. Do
cao cia cac diém cua ludi sau binh sai
dugc thdng ké trong bang 2.

Bing 1. Toa dp va dp cao ciia cic diém do GNSS

STT | Tén diém Toa d¢ X (m) Toa d§ Y (m) Do cao H (m) Ghi chu
1 107409 2326880.328 434762.508 -17.324 Diém goc
2 DCII - 34 2320333.756 435727.049 184.937
3 DCII - 35 2320326.972 435558.019 176.407
4 DCII - 36 2319785.956 435603.069 155.257
5 DCII - 37 2319667.075 435638.367 136.548
6 DCII - 38 2319228.931 435896.001 90.604
7 DCII - 39 2318976.801 436009.932 46.479
8 VN - 47 2320708.354 434121.088 100.248 Piém goc
Bang 2. Dy cao thuy chudn ciia cic diém
STT | Tén diém Pocaoh(m) | STT | Tén diém Do) cao h (m) Ghi chu
1 DCII - 34 208.584 5 DCII - 38 114.201
2 DCII - 35 200.048 6 DCII - 39 70.079
3 DCII - 36 178.892 7 VN - 47 123.890 iém goc
4 DCII - 37 160.165
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Hinh 1: So dé lwéi thue nghi¢m

4. Tinh toan va két qua thwe nghiém

Qua trinh tinh toan cua nghién ctu
duoc thuc hién theo trinh tu sau:

- Xac dinh s6 luong diém GPS -
thuy chuan st dung dé xay dung mé hinh
Quasigeoid, s6 luong diém GPS - thuy
chuan dung 1am diém kiém tra mo hinh
Quasigeoid dugc xay dung.

- Xéac dinh d6 cao thuy chuin cua
diém kiém tra truong hop st dung mé
hinh trong trudng Trai dat (EGM 2008)

dé tinh todn, ky hiéu la h %>

- Xay dung mo hinh Quasigeoid cuc
bd khu vuc thuc nghiém va danh gia do
chinh xac cia mo6 hinh Quasigeoid dugc
xay dung.

D6 cao thity chuén cia cac diém
GPS - thity chuén (h)

- Xac dinh d6 cao thiy chuan cia
diém kiém tra, truong hop st dung mo
hinh Quasigeoid cuc bd dugc xdy dung,

hQuasieoid
kt

ky hiéu la
- So sanh do cao thuy chuan cta diém

. X , r: 3A EGM 2008 A
ki€m tra cho trudc voi do cao A, va

h2wod ¢ tir @6 dénh gia hidu qua clia
viéc xay dung mo hinh Quasigeoid cuc bd.
Vo1 quy trinh tinh toan néu trén, cac
két qua duoc trinh bay cu thé nhu sau:
- Trong khu vyre nghién ctru ¢6 7 diém
0 do cao GPS va d6 cao thuy chuan. Vi vay,
6 diém dugc stir dung dé xay dung mo hinh
do 1adiém VN 47, DCII - 34, DCII - 35, DCII
- 36, DCII - 38 va DCII - 39. Diém dugc su
dung 1a diém kiém tra la diém DCII - 37.
- f}é xac dinh do cao thuy chuin cta
diém kiém tra DCII - 37 truong hop sir dung
mo hinh trong truong Trai dat EGM 2008,
lu6i GPS khu vue thye nghiém dugc binh
sai trong h¢ d§ cao Nha nudc, di€ém VN - 47
la diém khéi tinh do cao. DO cao cua diém
DCII - 37 sau binh sai ¢6 gia tri nhu sau:

REM2% 160,107 (m) 9)

- Qua trinh x4y dung mo6 hinh
Quasigeoid cuc bo dugc thuc hién theo so
dd quy trinh hinh 2.

D0 cao tric dia cﬁaﬂcéc diém
GPS - thuy chuan (H)

\;4—//

Di thuong dd cao clia céc diém GPS - thiy chuan ¢, = H, — &,

v

Xac dinh ham phuong sai thuc nghiém

v

Xac dinh ham phuong sai Iy thuyét

v

Nbi suy di thuong do cao cho diém can xac dinh

v

Tinh d¢ cao thuy chuén cho diém cin xac dinh

Hinh 2: So dé quy trinh xdy dung mé hinh Quasigeoid cuc bg
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- Tinh di thuong d6 cao cua cac diém GPS - thuy chuan:

Bing 3. Di thuwong d¢ cao ciia cdc diém GPS - thily chuin

Nghién cuu

STT Tén diém £ (m) STT Tén diém £ (m)
] DCII - 34 -23.647 4 DCII - 37 -23.617
2 DCII - 35 -23.641 5 DCII - 38 -23.597
3 DCII - 36 -23.635 6 DCII - 39 -23.600

- X4c dinh ham hi¢p phuong sai thuc nghiém:

Bing 4. Gid tri tham sé ciia ham hiép phwong sai thwe nghiém theo khodng cdch

STT S, (km) S6 cip diém Giatri Cj) (cm?)
1 0 6 4.1900
2 0.5 6 1.5100
3 1 9 -2.1244
4 1.5 7 -1.8686
5 2 4 0.4500
6 2.5 2 -4.2750
7 3 1 -4.0500

- Cac tham s trong qua trinh tinh l3p:

Bing 5. Cic gid tri tham soé trong qud trinh tinh lgp

Lan Lip thir C L dC dL
1 4.548334 0.187690 0.3583 -0.3123
2 4.250401 0.446389 -0.2979 0.2587
3 4.526338 0.246668 0.2759 -0.1997
4 4.290635 0.381355 -0.2357 0.1347
5 4.472357 0.302647 0.1817 -0.0787
6 4364219 0.353807 -0.1081 0.0512
7 4.438615 0.323238 0.0744 -0.0306
8 4.395099 0.342542 -0.0435 0.0193
9 4.423161 0.330769 0.0281 -0.0118
10 4.406230 0.338105 -0.0169 0.0073
11 4.416862 0.333594 0.0106 -0.0045
12 4.410354 0.336391 -0.0065 0.0028
13 4.414400 0.334666 0.0040 -0.0017
14 4.411909 0.335733 -0.0025 0.0011
15 4.413452 0.335074 0.0015 -0.0007
16 4.412499 0.335482 -0.0010 0.0004
17 4.413088 0.335230 0.0006 -0.0003
18 4.412725 0.335385 -0.0004 0.0002
19 4.412950 0.335289 0.0002 -0.0001
20 4412811 0.335349 -0.0001 0.0001
21 4.412896 0.335312 0.0001 0
22 4.412843 0.335335 -0.0001 0
23 4.412876 0.335321 0 0
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Trong d6: dC, dL 1a s6 hiéu chinh twong Umg ctia tham s6 ciia ham hiép phwong

sai C va khoang cach lién h¢ L.

- Ham hiép phuong sai Iy thuyét duoc xac dinh véi cac thong sé duoc thé hién:

Bing 6. Gid tri cdc tham sé ciia ham hiép phwong sai Iy thuyét theo khodng cdch va d
chénh cua no vdi gia tri ciia ham hiép phwong sai thuc nghiém

STT S. (km) Cap diém Ham xap xi v. (cm?)
1 0 6 4.4129 0.2229
2 0.5 6 1.3704 -0.1396
3 1 9 -0.1039 2.0205
4 1.5 7 -0.2282 1.6404
5 2 4 -0.1227 -0.5727
6 2.5 2 -0.0493 42257
7 3 1 -0.0173 4.0327

- B chinh xac cua cac yéu to:
+ Sai s0 trung phuong xac dinh cac
tham s0:

1/zvaf 2.8737 (em?)
=G| =24 cm
H t—2

(10)

Tinh sai sb trung phuong cua sd hiéu
chinh cho tham sé ctia ham hiép phuong
sai C, ky higu lam_

m,. =nuyQ,, =2.8486 (cm?®) (11)

Tinh sai s6 trung phuong cta sd hiéu
chinh cho khoang cach lién hé L, ky hi¢u
lam,g:

m, =u\Q,, =0.3342 (km) (12)

- Cong thirc biéu thi ham hiép phuong sai Iy thuyét c6 dang nhu sau:

=S,

S’

C(S,)=4.4129 em(u

Nhu vay, m6 hinh Quasigeoid khu
vuc thuc nghiém da dugc xay dung thé
hién thong qua ham hiép phuong sai ly
thuyét da dugc xac dinh.

- Twr cong thure (12), di thuong do cao
cia diém kiém tra duogc tinh toan va co
gia tri nhu sau:

thuasieUid =-23.629 (m) (14)

4
0.335321 0.335321

=) (13)
- D6 cao thiry chudn cua diém kiém

tra tinh theo m6 hinh Quasigeoid dugc

xay dyng c6 gia tri nhu sau:

h/guaxieoid _ sz _quasieoid =160.177 (m) (1 5)
- T 9), (15) va d cao cua diém

DCII - 37 thong ké ¢ bang 2 ta co6:

Bing 7. Gid tri dé léch dé cao ciia diém kiém tra

Piém kiém Dj cao

305 (m)

EGM 2008
hk i (m)

tra
DCII-37 160.107

Tir bang 7 cho thdy, d6 cao diém kiém
tra dugc xac dinh tir mo6 hinh Quasigeoid
cuc bg dugc xay dung (dd 1éch do cao so
v6i d6 cao gdc 1a 0.012 m) c6 do chinh
xéc cao hon d¢ cao ciia diém nay xac dinh
46

h]guasieoid (m) dthM 2008 (m) dhguasieoid (m)
160.177

L. EGM 2008 __ EGM?2008 Quasigeoid __
Trong do: dh, =h, —h, , dh; =h

0.058

_ hQuasigeoid
kt

-0.012

kt
tir mo hinh trong trudng toan cau EGM
2008 (do léch dd cao so voi1 do cao géc
12 0.058 m). Bén canh d0, c6 thé noi, do
chinh x4dc md6 hinh Quasigeoid cuc bd khu
vuc thuc nghiém 1a 1.2 cm.
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Mo hinh Quasigeoid cuc bd duoc
biéu thi tai cong thuc (13) 1a ham hiép
phuong sai Iy thuyét xdy dung trén co s
cac diém GPS - thuy chuén tai khu vuc
thyc nghiém. Ham nay cho phép truc tiép
xéc dinh gia tri di thuong d6 cao ciia bat
ky diém nao trong khu vuc thuc nghiém.
Vi vay, gia tri di thuong d§ cao cua cac
diém cén xac dinh c6 d6 chinh xac va do
tin cdy cao.

5. Két luin

Mot s6 két luan duoc rit ra qua qua
trinh nghién cru nhu sau:

- M6 hinh Quasigeoid cuc bd khu
vuc mo than Nui Béo - Vinacomin duogc
xay dung dua trén s6 liéu cta 6 diém GPS
- thay chuan trén khu vuc thuc nghi¢ém
theo mot quy trinh chat ché va chinh xéac.
Quy trinh nay hoan toan co6 thé ap dung
d6i v6i cac khu vuc thie nghiém khac khi
¢6 diém GPS - thuy chuan song tring.

- Tai bat ky diém nao trong khu vuc
thuc nghiém, do chinh xac di thuong do
cao khi st dung mo hinh Quasigeoid dé
ndi suy la cd khoang 1.2 cm.

- Khi m6 hinh Quasigeoid cuc bd
duoc xay dung, dé c6 duoc dd cao thuy
chuan nguoi str dung chi can két hop do
cao tric dia va di thuong do cao dugc ndi
suy tir md hinh ma khong can phai di do
dac thay chuén. Trong pham vi khu vuc
thuc nghiém c6 ban kinh c¢& khoang 1.5
km, m6 hinh Quasigeoid cuc bd dugc xay
dung hoan toan dap ung dugc d chinh
x4c dam bao cho do thiy chuan hang IV.
Diéu nay s& giup ngudi sir dung nang cao
duoc hi¢u qua cong viée, tiét kiém duoc
thoit gian va kinh phi do dac.

- Trong khuon khé cua nghién ctu
nay, do s6 luong diém GPS - thuy chuan
song trung tai khu vuc thyc nghiém khong
nhiéu (7 diém), chinh vi vay, 6 diém duoc
st dung dé xay dung mo hinh con 1 diém

Nghién cuu

dugc dung lam diém kiém tra. Khi s6

luong diém GPS - thuly chuan song tring

trong khu vyc thuc nghiém 16n hon thi khi

d6 s6 lugng diém dung lam diém kiém tra

s& nhiéu hon, mo hinh Quasigeoid cuc bo

duoc xdy dung s€ c6 do tin cdy cao hon.
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